Return volatility, arch effects and abnormal trading volume: An empirical study on the Chinese stock market within the MDH framework. by Wang, Renzeng.
% l T b  3 ^
8319087
UNIVERSITY OF SURREY LIBRARY
All rights r e s e r v e d
INFORMATION TO ALL USERS 
T he q u a l i ty  of  this r e p r o d u c t i o n  is d e p e n d e n t  u p o n  the  q u a l i ty  of  the c o p y  s u b m i t t e d .
In the  unlikely e v e n t  that th e  a u t h o r  did not s e n d  a c o m p l e t e  m a n u s c r ip t  
and there  are m iss ing  p a g e s ,  t h e s e  will b e  n o t e d .  Also, if m a te r ia !  had to b e  r e m o v e d ,
a n o t e  will i n d i c a t e  the  d e l e t i o n .
P ub lish ed  by P ro Q u est  LLC (2017). C o p y r ig h t  of  th e  Dissertation is held by the A uthor .
All rights r e s e r v e d .
This work is p r o t e c t e d  a g a i n s t  u n a u t h o r iz e d  c o p y i n g  under Title 17, United S ta te s  C o d e
M icroform  Edition ©  P ro Q u est  LLC.
P ro Q u est  LLC.
7 8 9  E a st  E isen h o w er  P ark w ay  
P.O. Box 134 6  
Ann Arbor, Ml 4 8 1 0 6 -  1 3 4 6
Return Volatility, ARCH Effects and Abnormal 
Trading Volume: An Empirical Study on the 
Chinese Stock Market within the MDH
Framework
b y
R en zen g  W an g
A  d i s s e r t a t i o n  s u b m i t t e d  i n  f u l f i l m e n t  o f  t h e  r e q u i r e m e n t s  f o r  t h e  
a w a r d  o f  t h e  D e g r e e  o f  D o c t o r  o f  P h i l o s o p h y
J u n e  2 0 0 7
School of Management 
University of Surrey
To Cherry and Yvonne
ACKNOWLEDGEMENT
I would like to acknowledge the help of a number of people who have been 
instrumental in the successful completion of this thesis.
First of all, I am deeply indebted to my beloved wife and daughter for their great 
support throughout my study. Without their encouragement and support this work 
would have never been fulfilled.
My gratitude goes to my supervisors, Dr Jean J. Chen, Professor Haiyan Song and 
Professor Xiaming Liu for their invaluable direction and advice at each stage of this 
research.
I would like to thank the School of Management at the University of Surrey for 
providing financial support and the facilities for my research. Additionally, I 
appreciate the assistance I have had from the staff in the School.
Finally, I would like to extend my thanks to all my friends who have provided me 
with a great deal of support and encouragement.
Renzeng Wang 
June 2007 
University of Surrey
ABSTRACT
The volatility of financial markets has long been studied by researchers from a variety 
of academic background, with ultimate objective being uncovering its underlying 
cause. Particularly, the volatility of daily stock returns draws much attention of the 
researchers in empirical finance. Amongst the various theories proposed and 
numerous empirical techniques developed, the mixture of distributions hypothesis 
(MDH) provides a formal base that daily return volatility is explainable by trading 
volume, and the GARCH family models facilitate empirically investigation on the 
well acknowledged facts of volatility persistence and volatility clustering (ARCH 
effects). Although the MDH hypothesis experienced extensive empirical and 
theoretical examination during recent decades, overall evidence is still mixed. None of 
the empirical findings can be treated as overwhelming conclusion.
This study revisit the relations between return volatility, ARCH effects and trading 
volume within the MDH framework in the context of the Chinese stock market, by 
employing a three-stage modelling strategy, i.e. applying the volume-augmented 
GARCH (1,1) model, the two component GARCH model and a GARCH equivalent 
stochastic autoregressive volatility model. Model specifications are extended by: (1) 
using four volume variants with each containing its own information contents in the 
perspective of market micro structure and behavioural finance; (2) constructing 
contrast equity groups in terms of turnover velocity and market capitalization; (3) 
embedding a price limit dummy. Empirical investigations are implemented on market 
index (portfolio) level as well as individual equity level.
It is justified that the central prediction of the MDH framework is basically at odds 
with the data of the Chinese stock market. The VA-GARCH model can not 
adequately capture ARCH dynamics, i.e. trading volume can not explain ARCH 
effects. Trading volume is strongly correlated with contemporaneous return volatility, 
but the correlation is driven largely by transitory volatility shocks that have little to do 
with the highly persistent component of volatility captured by standard volatility 
models. Distinctive differences between the four volume variants, between the 
contrast equity groups, between the two study levels, between the two types of shares, 
A-share and B-share regarding the bivariate dynamics of return volatility and trading 
volume are verified. Overall, the complicated relation between return volatility, 
ARCH effects and trading volume is uncovered to a reasonable extent.
ii
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Chapter 1 Introduction
Volatility is one of the most important properties of financial market. It is well 
acknowledged that market volatility is crucial for asset pricing, risk management and 
portfolio management. In fact, volatility is the core variable in portfolio theory, capital 
asset pricing model, arbitrage pricing theory and option pricing models. From the 
perspective of macroeconomy, financial market volatility also has a wider impact on 
financial regulation and monetary policy issues.
The focus of this dissertation is the relationship between return volatility, ARCH 
(autoregressive conditional heteroskedasticity) effects and trading volume in stock 
market, a topic which has long history in empirical finance, experienced extensive 
study but still remains many ambiguous aspects. By an in-depth empirical analysis 011 
time series data of the Chinese stock market, within the theoretical framework of the 
mixture of distributions hypothesis (the MDH framework hereafter), the thesis aims to 
identify whether trading volume can explain ARCH effects, how does the 
volatility-volume dependence supported by the data in the perspective of empirical 
finance and financial econometrics.
1.1 The Relationship between Return Volatility, ARCH effects and 
Trading Volume
1 .1 .1  T h e  a s s o c ia t io n  o f  r e tu r n  v a r ia b i l i ty  a n d  t r a d in g  v o lu m e
There are some old adages circulated in the Wall Street, such as: ‘The veterans look at 
volume while the novices see price change’, ‘Volume is relatively heavy in bull 
markets and light in bear markets’, ‘It takes volume to make prices move’. The 
causality asserted by the latter may be questionable, however the implication of these 
adages 011 the relation between return volatility and trading volume is undoubtedly 
evidenced by numerous empirical examinations on the varieties of financial markets.
Applied researchers began to recognize the importance of empirical study on 
time-varying price variability of financial market early 1990’s (Bollerslev, Chou and 
Kroner, 1992). Since then, thousands of studies have endeavoured to discover the 
ultimate causes of price volatility in speculative markets — the causes that make good 
economic sense and the causes that are psychological or sociological in origin. Last
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twenty years witnessed a tremendous increase of academic publication on the 
volatility of financial market.
It is well acknowledged now that the dynamic features of stock volatility in short-run 
are closely associated with trading behaviour, e.g. changes in trading volume, 
introduction of new financial instruments and transaction techniques. Large numbers 
of empirical studies propose that there exist positive correlation between trading 
volume and volatility, substantial volatility is always accompanied by large trading 
volume. Trading volume is always firstly considered as an explanatory variable in the 
studies of stock market volatility.
1 .1 .2  T h e  c e n tr a l  p r e d ic t io n  o f  th e  M D H  f r a m e w o r k
Theoretical framework of this study is motivated by the MDH hypothesis, which 
provides a formal basis for the assertion that trading volume relates to daily return 
volatility. The MDH goes back to Clark (1973) and substantially modified by 
Andersen (1996), among others. It has been followed extensively by researchers in 
financial market volatility, being developed and modified into varieties.
The central prediction of the MDH is that daily returns and trading volume are jointly 
subordinate to an unobserved directing variable that measures the daily rate of 
information flow to the market. The MDH framework is especially appealing from a 
market micro structure perspective, since it makes assumptions about the underlying 
process which jointly generates price changes and trading volume. Returns over a 
fixed period such as one trading day are given as a random sum of sub-period returns 
with common distribution function. Arrival of traders is driven by an unobservable 
directing process, which is assumed to be the daily flow of information. An 
implication of the MDH is a positive dependence between return variability and the 
unobservable directing process, since a higher trading intensity increases the 
variability over a fixed return measurement period. Succeeding empirical studies 
utilize trading volume and some other measures as proxy of the unobservable 
directing process; various econometric models thus have been developed and 
extended.
Along with the substantial advances in financial econometrics and computational 
facilities, empirical studies began to employ much advanced econometric models to 
investigate the relation between return volatility and trading volume in financial 
markets. Among the numerous publications, Lamoureux and Lastrapes (1990) was the 
first to examine Clark’s MDH hypothesis by using GARCH (generalized 
autoregressive conditional heteroskedasticity) model, which is now known as the 
volume-augmented GARCH (VA-GARGH hereafter) model. Their research combines 
the excellent econometrics performance of GARCH model and the well economics 
explanation of the MDH framework. They address that their empirical investigation 
on twenty US single stocks support the notion that ARCH in daily stock return data 
reflects time dependence in the process generating information flow to the market. 
Daily trading volume is shown to have significant explanatory power regarding the 
conditional variance of daily return, which is an implication of the assumption that 
daily returns are subordinated to intraday equilibrium returns. Furthermore, ARCH 
effects in daily returns tend to disappear when daily trading volume is included in the 
conditional variance equation. In a later paper, however, Lamoureux and Lastrapes 
(1994) present a contrast results. Relaxing the assumption of exogenous variable of 
volume used in the previous one, their new mixture model rejects the ability of 
volume data to shed light on the source of persistence in stock-return volatility.
Since then, large number of studies has been focused on this topic by utilizing various 
data and market background (For example, Najand & Yung, 1991; Phylaktis & 
Kavussanos, 1994; Pyun et al, 2000; McKenzie et al, 2003; Wagner & Marsh, 2005; 
Wang et al, 2005; Fleming et al, 2005, 2006). However, literature up to today still 
displays mixed pictures on the VA-GARCH model. Some times researchers are 
puzzled by conflicting results. To uncover the reasons Fleming et al (2005) suggest 
that VA-GARCH model has two drawbacks, namely the impact of simultaneity bias 
on the model’s coefficients estimates and an unrecognized constraint imposed by the 
GARCH specification used for the analysis. They try to justify their points by 
employing a more flexible two component EGACRH (exponential GARCH) model. It 
is addressed that volume is strongly correlated with contemporaneous return volatility, 
but the correlation is driven largely by transitory volatility shocks that have little to do 
with the highly persistent component of volatility captured by standard volatility
-3 -
1.1.3 The a p p lica tio n  o f  G A R C H  m o d e ls
models. Fleming et al (2006) suggest a further modification on the MDH again under 
the original independence assumption. They use state-space methods to investigate the 
relation between volume, volatility, and ARCH effects within the MDH framework. 
In contrast to studies that fit VA-GARCH models, they find no evidence that volume 
subsumes ARCH effects. These two papers are complimentary and shed some new 
light in the research on the relation between return volatility and trading volume.
1.2 Motivation and Intended Contribution
1 .2 .1  M o tiv a t io n
Although the MDH hypothesis experienced extensive empirical and theoretical 
examination during recent decades, by mostly investigating the association between 
return variability and trading volume in speculative markets, overall evidence is still 
mixed (Andersen, 1996; Fleming et al, 2005, 2006). None of the empirical findings 
can be treated as overwhelming conclusion. Publications in recent ten years employed 
more advanced techniques, including GRACH model and SV (stochastic volatility) 
model but still present diversified, sometimes conflicting results (Wagner & Marsh, 
2005).
The purpose of this study, firstly, is to further investigate the associations between 
return volatility, ARCH effects and trading volume, by extending and modifying the 
existing model specifications. Secondly, the majority of existing literature of the 
empirical studies on financial market volatility is based upon the data of mature 
markets, especially US and UK markets. The publications up to date on the top 
finance journals are exclusively focused at mature financial markets in developed 
countries. It is a fairly tempted question that how does the model and theory fit the 
immature but fast emerging and much volatile Chinese stock market? The thesis also 
aims to answer this question.
Motivated by previous studies (Wagner & Marsh, 2005; Fleming et a l, 2006; Wang et 
al, 2003), this study extends the specifications of econometric models on 
volatility-volume relations by: (1) using various volume variables with each contains 
its own information contents; (2) constructing contrast equity groups in terms of 
turnover velocity and market capitalization; (3) embedding a price limit dummy in the 
context of individual stocks. Apart from these model specification extensions, our
investigations are implemented on market index (portfolio) level as well as individual 
equity level. This multi-level investigation produces an opportunity to examine how 
the market-wide return volatility dynamics differs from the specific company level, 
and how the relation divergence in the two different level, especially in terms of 
volume explaining ARCH effects and the data supporting the prediction of MDH 
theory.
1 .2 .2  I n te n d e d  c o n tr ib u tio n
Firstly, a modelling strategy of three stages empirical investigation is designed and 
implemented. At the beginning, the GRACH (1,1) model is fitted to the data, which 
serves as a benchmark for the whole study. To investigate whether volume can 
explain ARCH effects and to find out how the two suspicious specification problems, 
simultaneity bias and the unrecognized constraint on model coefficients estimation 
(Fleming, 2006) affect the investigation, the conventional VA-GARCH (1,1) model 
is fitted to the data. This will make an opportunity to evaluate the basic feature of 
volatility dynamics in the Chinese stock market and setup a starting point for this 
study. If the various problems appear in the estimates of VA-GARCH (1, 1) model, 
then the second modelling stage cast shaper focus on the relations between the two 
components of ARCH, the persistent component and the transitory component and the 
various volume variants. Since volume is adjusted and four variants are derived, the 
correlation analysis between the two components of ARCH and the four volume 
valiants could yields meaningful implications. At the final stage, a comprehensive 
modelling approach of SARV (stochastic autoregressive volatility) model is employed. 
This model breaks the link between the persistence in conditional volatility and the 
persistence in the information flow and generates more complex dynamics for the 
return volatility and trading volume. The fairly temped advantage of SARV model 
against the VA-GARCH (1, 1) model is avoiding the two specification problems, 
therefore provides a good instrument for conclusive investigation on the relations 
between return volatility, ARCH effects and trading volume. It is expected to uncover 
the insight of volatility-volume relation to a relevant extent by employing this 
modelling strategy.
Secondly, the raw volume variable is adjusted by applying several advanced 
econometric techniques and four volume variants are therefore derived, by each
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containing its own information contents. The first volume variant, v; is the 
standardized detrended volume. We suppose this volume variant contains the whole 
infonnation set converted from the raw volume data, with adjustment to conform the 
requirement of conditions suggested by the literature (for example, Tauchen & Pitts, 
1983; Fleming et al, 2006). The second volume variant, v2 is the above average values 
of v;. The third volume variant, V3 is the filtered variant of v; by applying ARMA 
method. Removing the serially correlated component from v /, V3 is actually the 
random innovation of ARMA process. V4 is the above average values of vj. Although 
half of the observations are cut off from the series, v2 and v4 may outperform their 
original volume vj and vj. This can provide evidence against the prediction of market 
micro structure literate that above-average volume contains more information about 
the trading activity (Wagner & Marsh, 2005). By utilizing simple correlation and 
regression analysis, it is meaningful to exam the strength of the relation between 
non-persistent component of GARCH and the four volume variants. The results of 
these empirical analyses may produce evidence against our central hypothesis about 
the MDH theory.
Thirdly, the intention of the setup of contrast equity groups is to investigate the 
reasons of conflicting results presented in the literature. Lamoureux & Lastrapes 
(1990) addresses that actively traded stocks are more likely to have a sufficiently large 
number of information arrivals per day to satisfy the condition for the Central Limit 
Theorem (refer to Chapter 3). Fleming et al (2005) argued that the MDH implies that 
the impact of simultaneity bias becomes negligible as the number of traders in the 
market and /or the number of daily infonnation events becomes large. Hence, by 
focusing on widely held and frequently traded stocks that are often in the news, we 
can retain the tractability and intuitive appeal of the GARCH framework while 
minimizing concerns about the impact of simultaneity bias. Based upon the sample 
equity selection criterion used in the previous studies and their empirical outcomes, 
this study adopts turnover velocity as equity selection criterion. 10 shares of highest 
turnover velocity and 10 shares of lowest turnover velocity constitute the two contrast 
groups, group Al and group A2, respectively. Thus, three stages of empirical 
investigation by utilizing three econometric approaches, the VA-GARCH (1,1) model, 
the CGARCH (1,1) model and SARV model are going to be earned out and targeted 
to find out the differences in parameter estimates between the two contrast groups.
Finally, this study investigates the relation between volatility and trading volume at 
two different levels, i.e. the individual equity level and index (market portfolio) level. 
This is going to justify that whether (1) the estimation results of VA-GARCH (1, 1) 
model give evidence against the notion that the volatility persistence can be attenuated 
by volume steeper at equity level than at index level; (2) the correlation and 
regression analysis by utilizing CGARCH modelling results suggest that the strength 
of the relation between GARCH components and various volumes are stronger at 
equity level than index level; (3) the third stage of empirical study on the topic by 
SARV model further confirm the differences between the two study levels revealed in 
first two stages.
1.3 Structure of this Dissertation
1 .3 .1  T h re e  p a r t s  o f  e m p ir ic a l  in v e s t ig a t io n
Following the modelling strategy of three stages modelling, empirical investigation of 
this study comprise of three parts. The first part performs empirical investigation by 
employing the VA-GARCH (1, 1) model of the Lamoureux and Lastrapes (1990), 
with extended specification. Specifically, volume is adjusted by using 
Hodrick-Prescott methodology (H-P filter) and ARIMA method, which derives four 
volume variants, with each contains different content from the perspective of market 
microstructure and information flow interpretation of market volatility. Furthermore, 
to investigate the validity of original assumption of volume being an exogenous 
variable in conditional variance equation and its potential simultaneity bias, the 
sample is divided into two contrast groups in terms of share turnover velocity and 
market capitalization. Setup of contrast sample groups may help to justify the reason 
of confused results of VA-GARCH model in the literature and to obtain an 
appropriate assessment on the robustness of the model. 40 individual equity as well as 
6 major indices from Shanghai SE and Shenzhen SE are involved in the empirical 
examinations.
The second part of the empirical study applies a two components GARCH (1, 1) 
model, in which the conditional variance of the return series is decomposed into two 
components: a persistent component and a transitory component. Based upon 
parameter estimates of CGARCH (1, 1) model, the two components series are 
predicted within sample period. Then we further investigate the relation between the
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two components of the conditional variance and the four variants of the adjusted 
volume series. This will make an opportunity of uncovering the insights of 
volatility-volume relation in the perspective of information flow interpretation and 
market microstructure.
It is recently argued that VA-GARCH model imposes an important restriction that 
makes it difficult to interpret the model fitting results. Specifically, the coefficients on 
lagged volume and lagged squared error terms are constrained to decline with the lag 
length at the same rate. Thus, if volume provide little information about future 
volatility, it might be necessary to down-weight lagged volume (and hence lagged 
squared error term) to keep the fitted volatilities from becoming too noisy (Fleming et 
al, 2005). In order to avoid this problem, the final part of the study adopts a more 
flexible stochastic volatility model. The relation between return volatility, ARCH 
effect and trading volume are further investigated by applying state-space methods. 
Using a more general specification, it is targeted to re-confirm the existence of large 
non-persistent component of volatility and how it is related to the contemporaneous 
non-persistent component of volume.
1 .3 .2  T h e  c h a p te r s
This dissertation is organized as follows. The next chapter gives an overview of the 
Chinese stock market. A summary of the development, the structure and 
microstructure of the market can provide us background knowledge and fundamental 
dynamics of our research object. Chapter 3 presents a comprehensive literature review 
regarding to relevant field and topic of empirical finance. Chapter 4 addresses the 
details of data and methodology applied in this study. Chapter 5 reports the results of 
fitting extended VA-GARCH (1, 1) models. Chapter 6 addresses the empirical 
analysis of the relation between two components of conditional volatility and the four 
volume variants. Chapter 7 produces the empirical investigation using stochastic 
volatility models. The final chapter concludes.
Chapter 2 The Chinese Stock Market
2.1 Development of the market
The Chinese stock market has experienced one of the most rapid developments in past 
17 years ever witnessed in the financial world. The first Chinese stock exchange was 
formally established in Shanghai in December 1990, and the second one was 
established in Shenzhen in April 1991. Since then, the market size and trading activity 
have expanded and increased phenomenally. Table 2.1 summarizes the key statistics 
of the development of the Chinese stock market for the period of 1992-2006. In 1992, 
the total number of listed companies in the two exchanges was only 53, the number of 
investor accounts was 2.2 million, and the market capitalization was 104.8 billion 
RMB yuan at the end of the year, with annual turnover, trading volume and capital 
raised accomplished 68.1 billion RMB yuan, 3.8 billion shares and 9.4 billion RMB 
yuan, respectively. It can be observed that, by the end of 2006, number of listed 
companies expanded to 1434, number of investor accounts reached 78.5 million, and 
market capitalization reached 8940.4 billion RMB yuan, 85 times the 1992 figure. 
Moreover, during the same period, annual turnover increased 132 times, trading 
volume increased 424 times, and annually raised capital increased 59 times. The 
increase in trading volume was almost fourfold than the increase in market 
capitalization, which indicates that Chinese stock markets become more active and 
liquid over time.
Table 2.3 Key statistics for the development of the Chinese stock market, 1992-2006
Year No. of listed companies
No. of 
investors 
accounts 
(million)
Market 
capitalization 
(¥ billion)
Turnover 
(¥ billion)
Trading
volume
(billion)
Capital 
raised 
(¥ billion)
1992 53 2.2 104.8 68.1 3.8 9.4
1997 745 33.3 1752.9 3072.2 256.1 129.4
2006 1434 78.5 8940.4 9046.9 1614.5 559.4
Note: Number of listed companies, number of investor accounts and market capitalization are stock 
variables and counted at the end of the year. ¥ is the symbol of Chinese currency, RMB yuan.
Source: Official website of China Securities Regulatory Commission, http://www.csrc.gov.cn.
In order to draw out a clear picture about current dimensions of the Chinese stock 
market, Table 2.2 exhibits a cross-country comparison of key statistics of the 
Shanghai Stock Exchange (SHSE) and the Shenzhen Stock Exchange (SZSE) against 
the London Stock Exchange (LSE), the New York Stock Exchange (NYSE) and the 
Nasdaq Stock Market (Nasdaq) by March 2007. It is evident that the trading volume 
of the two Chinese stock exchanges in March 2007 can compete with the three world 
leading exchanges, although aggregate market size are still smaller, which is 
evidenced by number of listed companies, market capitalization, turnover and 
monthly capital raised by share issues. It is also worth noting that share turnover 
velocity in March 2007 were 180.6% and 312.6% for SHSE and SZSE, respectively, 
which are impressively higher than LSE and NYSE, but Nasdaq. It is well 
acknowledged that the Chinese stock markets experience higher frequency of 
transaction, implying short-termist investor behaviour in the market. This is 
reinforced by its recent booming since the second half of 2006.
Table 4.2 Cross-country comparison of the Chinese stock market against UK and US 
    stock markets, March 2007_ _______
Number o f  
listed 
companies
Market
capitalization
($, million)
Turnover 
($, million)
Trading
volume
(thousands)
Capital
raised
($, million)
Turnover
velocity
(%)
SHSE 848 1297377.9 275157.7 123245.2 5396.5 180.6
SZSE 601 358896.9 144551.3 66617.0 1345.7 312.6
LSE 3245 3842567.0 1015662.9 11494.2 11882.2 130.6
NY SE 2249 15467745.0 2402566.6 178474.9 N A 142.5
Nasdaq 3120 3906898.8 1125162.4 134924.8 2281.1 269.1
Source: World Federation of Exchanges, F o c u s , April 2007-N° 170.
2.2 M arket volatility: A comparison with UK and US markets
Various stock indices, aggregate, and sector indices, are compiled and published on 
the Chinese market. The most widely cited indices of the SHSE are the Shanghai SE 
Composite Index (SHCI) and the Shanghai SE B Share Index (SHBI); the most 
widely cited indices of the SZSE now are the Shenzhen SE Component Index (SZCI) 
and the Shenzhen SE B Share Index (SZBI). These indices are all value-weighted.
In order to draw a picture about the statistical properties of the Chinese stock market, 
a comparison with UK and US markets is carried out. Return series of two Chinese 
stock indices, SHCI and SZCI as well as FTSE 100 and S&P 500 are calculated and 
expressed in percentage by applying the simple net return1. The sample period covers 
from the first day of Shenzhen Stock Exchange opened, 3 April 1991, to 16 March 
2007, with 4162 observations for each index. All the data are retrieved from 
DataStream  Advance . Figure 2.1 displays histogram and summary statistics of the 
four selected indices, including testing statistic for normality, Jarque-Bera and its 
marginal probability.
Firstly, the histograms give us a very impressive picture about the distributional 
properties. The two Chinese indices are much leptokurtic than FTSE 100 and S&P 
500. The kurtosis value is 437.31 for SHCI and 26.78 for SZCI, while they are only 
6.47 and 7.37 for FTSE 100 and S&P 500, respectively, at same sample period. The 
two mature markets give us much flatter histograms comparing to the two Chinese 
markets. Another striking statistic is the skewness value. The literature always report 
negative skewness for return series of American and Europe markets, which is once 
again verified here with -0.05 for FTSE 100 and -0.03 for S&P 500. However, the two 
Chinese indices show positively biased histograms, with their skewness values of 
12.85 and 1.62, respectively. This is definitely not a surprise but a demonstration of 
volatility characteristic, which is related to market behaviour. The Jarque-Bera 
statistics confirm the dispersion from the normal distribution of the two Chinese 
return series are much serious than FTSE 100 and S&P 500, which is evidenced by 
the values of 32825786 for SHCI, 99915 for SZCI, 2083 for FTSE100 and 3319 for 
S&P500.
Turning to the basic descriptive statistics, the mean of SHCI is 0.112% and 0.076% 
for SZCI, which are much larger than 0.026% for FTSE100 and 0.036% for S&P500. 
This means that during last 16 years, the average daily return of investing in Shanghai 
stock market was more than fourfold than London stock market and more than 
threefold than New York stock market, the average daily return of investing in 
Shenzhen stock market was 2.89 times than London stock market and 2.13 times than 
New York stock market.
1 Refer to Chapter 4 for the formula.
2 Shenzhen SE Component Index is not available from DataStream Advance, so SZCI stands for 
Shenzhen SE Composite Index in this Chapter, ad hoc.
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Substantial difference between the two Chinese stock exchanges is also revealed. 
However, median of the four markets show us an opposite picture. The estimates for 
median of two Chinese return series are less than one in ten millions, while it is 
0.004% for FTSE100 and 0.0119%. This indicate that the high average return of 
Chinese stock market was due to few trading days of extreme high returns, which in 
turn imply huge variability of returns in the Chinese stock exchanges. It is further 
confirmed by the maximum and minimum values of the series. The maximum daily 
return of SHCI was 105.27%, which happened on 21 May 1992, the first day of daily 
price change limit removal by China Securities Regulatory Commission (CSRC). The 
maximum daily return for SZCI was 31.28%, which happened on 1 August 1994. The 
maximum daily return of both the two mature markets is about 6%, much smaller the 
Chinese market. On the hand, the minimum daily return of the two Chinese indices 
are much smaller than that for UK and US market, which are -16.39% for SHCI, 
-20.83% for SZCI, -5.72% for FTSE100 and -6.87% for S&P500. These numbers 
display huge differences of price change spread between UK, US and the China stock 
markets, which is further verified by the estimates of standard deviation. The sample 
standard deviation is 2.89% for SHCI, 2.36% for SZCI, 1.00% for FTSE100, and 
0.97% for S&P500.
In order to exam the dynamic features of return variability, a series of rolling 
standard deviation is produced for each index series. Considering the average of 
public holiday and weekend days in a month, a step of 24 days is adopted and this can 
generate a rolling standard deviation of roughly in monthly step size. Figure 2.2 
displays the calculation results. It is evident that the Chinese stock markets had been 
much volatile than UK and US markets before 1997 and have become mild since the 
markets were re-imposed the daily price change limit on 16 December 1996. From the 
beginning of 1997, the two Chinese indices demonstrated similar level of return 
variability than that of FTSE 100 and S&P500. However, the situation was changed in 
the last quarter of 2003, Shanghai and Shenzhen markets again displayed higher price 
variability than London and New York markets. Since the second half of 2006, 
approaching to the finishing point of Equity Division Reform, the Chinese stock 
markets once again entered into a booming stage. The value of SHCI doubled in 2006, 
which was about 1500 at the beginning of the year and exceeded 3000 at the end of 
the year. A massive expansion of investors account followed after this bull quotation.
The total number of investors account in the two Chinese stock markets reached 87 
millions at the end of March 2007\  This newly increase of market volatility is also 
exhibited in Figure 2.2.
Time
Figure 2.2 Rolling standard deviation of the daily returns for the four index series 
2.3 Market microstructure
Both the Shanghai and Shenzhen stock exchanges are open 5 days a week except 
public holidays. Both of them open officially at 9:30 a.m. and close at 3:00 P.M. with a 
lunch time break from 11:30 a.m. to 1:00 p.m. There are, therefore, a total of four 
trading hours each day. In addition, there is a pre-trading session from 9:00 a.m. to 
9:30 a.m. each day. The morning opening prices are generated during the pre-trading 
session.
Both exchanges adopt a centralized, scripless, computerized order matching system. 
Two trading methods are used by the order matching system: a periodic auction and a 
continuous, discriminating auction. The periodic auction is used once per day in order 
to generate the morning opening prices, which is also practiced in the Tokyo Stock
1 Source: Official website of China Securities Depository and Clearing Corporation Ltd.: 
http ://w w w. chinaclear.cn/.
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Exchange and known as Itayose method. In this type of auction, all orders are 
submitted during the morning pre-trading session and are batched for execution at a 
single equilibrium price. The opening price of a stock is the price at which the most 
trades can be executed. Figure 2.3 demonstrates that buy and sell orders to the left of 
the dashed line are executed at the equilibrium price of PE and dispatched from the 
system.
Figure 2.3 The generation of morning opening prices
A continuous, discriminating auction is used during regular trading hours in 
accordance with a time and price priority scheme for matching transactions. In this 
type of auction, buy and sell orders are submitted and auctioned off continuously. 
Matched orders are executed and then dispatched from the system, whereas 
unmatched orders remain in the system until they are executed or cancelled. The 
transaction prices of a particular auction are generated contingently upon the bid/ask 
prices and time of order submissions. Despite the lunch break, the afternoon session is 
a continuation of the morning session. The automated order matching system can 
instantaneously execute orders that have accumulated during the lunch break. Figure
2.4 demonstrates the generation of the transaction prices in this type of auction. After 
the morning opening, unmatched buy orders constitute a downward schedule while 
unmatched sell orders constitute an upward schedule. PE is the equilibrium price. In 
figure 2.4A, suppose a buy order comes in with a bid price above P E. A  sell order 
between E and A will be matched with the buy order on a FIFO (first-in-first-out) 
basis and executed at the bid price. On the other hand, a buy order with bid price 
below P E cannot be matched and so will not be executed. Those orders are 
accumulated in the book of buy orders. Likewise, when a sell order comes in with an
ask price below PE, as shown in Figure 2.4B, a buy order between E and B will be 
matched with the sell order on a FIFO basis and executed at the ask price. A sell order 
with an ask price above PE cannot be matched and will not be executed. These orders 
will be accumulated in the book of sell orders. At present, the bid/ask prices and 
trading volumes of three latest orders are revealed continuously to investors.
Figure 2.4 The generation o f  transaction prices in a continuous, discriminating auction
All orders are valid for one day only. Market orders and limit orders are the only two 
order types allowed. The smallest trading unit is 100 shares. Floor trading among 
member brokers are strictly prohibited. Short selling and over-the-counter trading are 
illegal. Any legally recognized transaction has to be carried out through the automated 
order matching system. There is no market maker to stabilize stock prices by trading 
for his own account as in the US. Settlement time in both SHSE and SZSE is now one 
day (T+l).
In order to subscribe to and trade A-shares in the SHSE, an individual investor must 
open an account with a broker. The broker issues the potential investor an account 
number that will be quoted on all exchange settlements. The broker channels each 
order to a clerk on the floor of the SHSE. The clerk then inputs the order into a central 
computer which matches buy and sell orders. Customer accounts are held by the stock 
exchange, rather than brokerage house. While the brokerage house opens the account 
and executes order for customers, the exchange physically maintains the account and 
ensure settlement and clearing of accounts.
The Shanghai Securities Central Clearance and Registration Corporation (SSCCRC) 
originally provided a package of services including CSD for the SHSE. The SZSE is 
more or less in line with its big brother exchange in Shanghai. Its original clearing and
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depository house was called the Shenzhen Securities Central Clearing Company Ltd. 
(SSCCC). In October 2001, China Securities Depository and Clearing Corporation 
Ltd. (SD&C) was established in Beijing, and its branches in Shanghai and Shenzhen 
took over all the business of SSCCRC and SSCCC. A unitary and centralized 
registration and settlement system has been applied in China from that time onwards.
A daily price change limit has been re-imposed since 16 December 1996. If an 
individual stock price increases or decreases 10% from its previous trading day 
closing price, it will be terminated trading until the specific trading day ends. For 
those special treated shares (ST shares)1, the daily price change limit is 5%. Some 
much stricter price change limits were applied during the early stage of the market. 
5%, 1% and 0.5% daily price change limits were executed before 21 May 1992. 
Currently, an exception of price change limit exits in the market for the purpose of 
Equity Division Reform. The day of a company releasing its scheme of Equity 
Division Reform is the first day of its share trading in the market after a period of 
termination, and the price change ban does not apply to this specific share on that day.
2.4 M arket structure and fundamental dynamics
A Chinese company can issue five types of shares in the domestic market: state shares, 
legal person shares, employee shares, tradable A-shares and B-shares. Only the last 
two types of shares are freely tradable. A-shares were originally exclusively sold to 
Chinese nationals but become available to Qualified Foreign Institutional Investors 
(QFII)2 since 2004. B shares are denominated in RMB but traded and purchased in 
foreign currency, US dollar in SHSE and Hong Kong dollar in SZSE, which were 
originally sold to foreigners exclusively, but opened to domestic investors in February 
2001. Apart from above five types of shares, a few Chinese companies are listed on 
Hong Kong Stock Exchange, New York Stock Exchange, Nasdaq Stock Market, 
Singapore Exchange and London Stock Exchange. Shares traded on these foreign 
exchanges are called as H  shares, N  shares, S  shares and L shares, respectively.
The division between A-share and B-share is one of the most notable features of the 
Chinese stock markets, which may convey different channels and ways with which
! A company of poor operation performance for successive two years, i.e. loss o f shareholders value 
for two years is specially treated by the exchanges and a ST symbol will be put on its share name.
2 The first two QFIls were Morgan Stanley and Citigroup.
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information is received and processed by different groups of investors. At the 
microeconomic level, the critical institutional characteristic is the ownership structure 
of listed mainland Chinese companies. A substantial portion of shares in these listed 
companies is no-negotiable or non-tradable, which can be divided into sponsor shares, 
private placement or legal person shares, and shares owned by employees. The largest 
part of non-negotiable shares is sponsor shares, of which the government in turn owns 
the largest. Therefore, government shares and legal person shares are in a dominant 
position. Table 2.3 displays the equity structure of listed companies in February 2007. 
It can be seen that 61.4% of equity is non-tradable, and the negotiable shares are only 
38.6% in total amount of shares. Among non-negotiable shares, sponsor shares 
constitute 49.4% of total shares and 80.4% of non-negotiable shares, private 
placement legal person shares make up 0.6% of total shares and 0.9% of 
non-negotiable shares, and employee share are almost negligible. The largest 
constituent of negotiable shares is A-shares, representing 22.8% of total shares and 
59.0% of negotiable shares. The second largest constituent of negotiable shares is 
overseas issued share, which occupy 14.3% of total shares and 37.2% of negotiable 
shares. The figures show a substantial increase of Chinese companies’ overseas list in 
recent years. B shares make up 1.5% of total shares and 3.8% of negotiable shares.
Since there is such a substantial amount of non-tradable or non-negotiable shares, the 
degree of control and influence exerted by the government and legal persons is 
excessively high. As a result, trading volume or turnover is only partially indicative as 
a measure for market liquidity, and information about the company and about the risk 
of its share released to the market and revealed by trading activities is limited. 
Moreover, since A shares bear all non-negotiable shares and B shares carry either 
none of the non-negotiable shares (Shanghai B shares) or a tiny proportion of 
non-negotiable shares (Shenzhen B shares), trading volume may play rather different 
roles as proxy of information arrivals between these two types of shares.
The current equity ownership structure has become one most serious institutional 
shortcomings of the Chinese stock market. The CSRC launched the Equity Division 
Reform in April 2005, which was targeted to convert all shares of listed company to 
be fully tradable. Until the end of 2006 all the listed domestic companies had 
announced their own scheme of Equity Division Reform. The ongoing Equity
Division Reform is the largest event and most important institutional change in the 
Chinese stock market since it was opened 17 years ago.
Table 2.3 Equity ownership structure of listed companies, February 2007
Number of shares 
(billion)
Structure
(%)
Total 1545.66 100.0
Non-negotiable shares 949.09 61.4 (100.0)
Sponsor shares 763.27 49.4 (80.4)
Private placement of legal person shares 8.82 0.6 (0.9)
Employee shares 0.08 0.0 (0.0)
Others 176.93 11.4 (18.6)
Negotiable shares 596.57 38.6 (100.0)
A shares 351.86 22.8 (59.0)
B shares 22.96 1.5 (3.8)
H shares and other overseas issued shares 221.75 14.3 (37.2)
Others 0.0 0.0 (0.0)
Note: Figures in parenthesis are percentages within the category. 
Source: Official website o f  China Securities Regulatoiy Commission, 
http://www.csrc.gov.cn.
Apart from the striking characteristics of equity ownership structure, the Chinese 
stock markets present us another impressive feature regarding its unique investor 
structure. The Chinese stock market is characterised by the absence of institutional 
investors. The market is driven by a myriad of small individual investors, who lack 
the experience and skills necessary to make fully consistent trading decision. 
According to the statistics of SD&C, there are 78 million investor accounts opened in 
the domestic A shares market, within which 99.5% are the natural persons accounts, 
only 267 thousands accounts are opened by general institutions, 107 thousands by 
security companies, 699 by mutual funds, 73 by national social insurance fund and 
102 by the QFIIs by the end of March 2 0 0 7 The latter five types of investors are
1The CSRC started to offering foreign institutional investors the permit of trading Chinese A shares in 
June 2004.
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very tiny proportion of the total investors account number although the latter may 
present quite much heavy proportion in terms of capital amount.
At the early stage of the China’s stock market, the supply-demand relation was 
seriously unbalanced and the size of listed companies was small. The equity 
ownership structure and investor structure gave the chance to the bankers to speculate 
and manipulate the market. In order to regulate the behaviour of investors, the 
Chinese government tried to adjust and improve the related policies many times 
during last decade but caused the market over-react. Some researchers argued that the 
stock price cycle has been obviously in departure from the economic cycle but in line 
with the political cycle. Political intervention is the immediate cause of the shifts of 
volatility level and main reason of abnormal returns. In this kind of circumstances, the 
market is sometimes driven by wild rumours and panic. The investment horizon of 
these individual investors is likely to be very short and they are very much subject to 
herd behaviour. They ignore the relations with fundamentals (P/E ratios) and focus 
almost exclusively 011 capital gains. Speculators try to seek the shares of small size 
regardless of the performance of the related business because these shares are easy to 
be manipulated. As a result, there have been times of share price jumps and slumps in 
the past 17 years. Wang et al (2003) identified the existence of excessive speculation 
behaviour in China’s stock market by applying Shiller (1981) framework. Girardin 
and Liu (2003) even asserted that the Chinese stock market was ‘a casino with buffer 
zones’.
Chapter 3 Literature Review
3.1 The Relation between Return Variability and Trading Volume
3 .1 .1  T h e  e a r ly  r e se a r c h  f in d in g s
Academic treatment of the relation between return variability and trading volume can 
be traced to Osborn (1959), which attempted to model the stock price changes as a 
diffusion process with variance dependent on the number of transactions. Osborn’s 
findings could imply a positive correlation between trading volume, v and absolute 
price change, |Ap|, which was later developed by Clark (1973), explicitly. However, 
by assuming transactions are uniformly distributed in time, Osborne was able to 
re-express the price process in terms of time intervals, and did not directly address the 
volume-price issue.
An early empirical investigation on the volume-price relations was conducted by 
Granger and Morgenstem (1963). Using spectral analysis of weekly data from 
1939-1961, they conclude that there is no relation between movements in composite 
index on New York Stock Exchange (NYSE) and its corresponding volume. 
Examination on two individual shares also displayed no price-volume relation. One 
year later, Godfrey et al (1964) reinforced this conclusion by new evidence from 
several data series, including daily and transaction data (ultra-high frequency data) for 
individual stocks. Meanwhile, the later study presented some new findings that daily 
volume correlates positively with the difference between the daily high and daily low 
prices, i.e. the daily range of price change. This is supported by Ganger & 
Morgenstem (1970), which finds that daily volume correlates with the squared 
difference between the daily open and daily close prices. The authors attribute this
correlation to institutional factors such as stop-loss and buy-above-markets orders that 
increase volume as the price diverges from its current mean1.
The failure of Granger, Godfrey and Morgenstern to uncover a price-volume relation 
motivated the empirical tests of Ying (1966) and Crouch (1970). Although Ying’s 
techniques are not free of drawbacks, his research justified the correlations between 
volume v and price change p e r  se, Ap, and volume and absolute price change, \Ap\, by 
using Standard & Poor’s 500 index data. In fact, Ying was the first academician to 
document both price-volume correlations in the same data set which were later been 
seen as ‘the two stylized factors’, i.e. (a) a positive correlation between volume and 
absolute price change, \Ap\ and (b) a positive correlation between volume and price 
change p e r  se, Ap.
3 .1 .2  T r a d in g  v o lu m e  a n d  a b s o lu te  p r i c e  c h a n g e
From 1970’s onwards, numerous empirical findings in supporting of the two ‘stylized 
factors’ appeared in literature. By employing various measures of the price change 
and trading volume, implementing diversified empirical techniques, some of them 
address on one of ‘the two stylized factors’, while the others deal with both.
Crouch (1970a, 1970b) report positive correlations between absolute price change and 
volume for both markets indices and individual stocks, which examines daily interval 
data. Using four-day interval and monthly data from a total of 51 stocks, Morgan 
(1976) found that in all cases the variance of price change was positively related to 
volume. Tauchen and Pitts (1983) found the same relation in daily data from Treasury 
bill futures market, as did Westfield (1977), which investigates a sample of daily price 
changes and volume for 315 common stocks.
Epps (1975, 1977) developed tests, first from the bond market, then from the stock 
market, which indicate that the ratio of v to \Ap\ is greater for transactions in which the
1 However, Epps and Epps (1976) have suggested that volume moves with measures of 
within-day price variability because the distribution of the transaction price change is a 
function of volume.
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price ticks up than for transactions on downticks. This was found to hold even when v 
and |Ap| were measured over daily intervals (Epps, 1977), and without regard for the 
general movement in price (Hanna, 1978). Epps & Epps (1976) fund a positive 
relation between the sample variances of price changes at given volume levels and the 
volume levels, using transactions data from 20 stocks. Conflicting evidence was 
presented by Wood et al (1985), who found that the ratio of v to |Ap| is higher for 
downticks. In the same paper, the authors also report a positive correlation between 
volume and the magnitude of the price change at the transactions level. And Smirloclc 
et al (1985) found the relation to hold only during periods in which they could 
distinguish the arrival of information ex ante. In other periods, they found slight 
evidence that the ratio of v to \Ap\ is lower for upticks than for downticks, which they 
attribute to positive transaction costs and the lack of infonnation arrival. However, 
using hourly data from a broad market index, Jain & Joh (1988) found that volume is 
positively related to the magnitude of the price change, but that volume is more 
sensitive to positive than negative price changes.
Cornell (1981) examines data of 17 futures contracts on two-month intervals and 
found positive relations between changes in volume and changes in the variability of 
prices. The relation was almost entirely contemporaneous, as most leading and lagged 
relations were statistically insignificant. Hams (1983) found a positive correlation 
between volume and the square of the price change using daily data from 479 
common stocks. And he reported later that the strength of the correlation varied across 
securities (Hams, 1986) and the correlation was also found to be stronger for daily 
than for transactions data (Harris, 1987). Grammatikos & Saunders (1986) found 
positive correlation between volume and price variability in foreign currency futures. 
Richardson et al (1986) found that trading volume increases with the square of a 
measure of abnormal return around announcements of dividend changes.
While the above summarized research on the relation between absolute price change 
and volume universally present a positive correlation, some of these tests indicate that 
the correlation is weak. For example, the average squared correlation coefficient
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obtained by Crouch was 0.20 among the stock indices and 0.23 among the individual 
equities. Kaipoff (1987) argues that this weakness stems from heteroskedastic error 
terms that are generated when a straight line is fitted to data from markets in which 
short sales are relatively costly. Another notable and common finding in these studies 
is that the correlation between v and |Ap| appeared to be weaker in transaction data 
than did in all calendar intervals investigation. In this important article of a survey on 
the early empirical and theoretical research, Karpoff established two empirical 
relations: volume is positively related to the magnitude of the price change and, in 
equity markets, to the price change p e r  se.
3 .1 .3  T r a d in g  v o lu m e  a n d  p r i c e  c h a n g e  p e r  s e
In the literature, examinations on the relation between volume and price change p er se 
(Ap) display a more mixed picture, compare to the studies on the relation between 
volume and absolute price change. And, several findings were inconsistent with the 
assertion of positive correlation between the two variables.
While some research findings can imply a positive correlation between volume and 
the price change p e r  se (Ap), the others conducted direct tests on this relationship. 
Using monthly data of 10 stocks and 10 warrants, Rogalski (1978) found a 
contemporaneous correlation between price change and volume, but no lagged 
correlations. Harris and Gurel (1986) found a positive correlation between price 
changes and volume even though it appears they were not looking for one. James & 
Edmister (1983) examines the relation between common stock returns and trading 
activity of firms, no such cross-sectional correlation is found. However, in a later 
paper, Comiskey et al (1987) documents positive cross-sectional correlations between 
annual measures of turnover and price change.
3 .1 .4  S tu d ie s  in  r e c e n t  tw o  d e c a d e s
In recent 20 years, studies on the relation between return volatility and trading volume 
implemented more advanced techniques, motivated by more sophisticated economics 
and finance theory, and presented more precise empirical findings.
Jain and Joh (1988) investigate the joint characteristics of hourly common stock 
trading volume and return on the NYSE. They argue that there is strong 
contemporaneous relation between trading volume and returns and also a relation 
between trading volume and returns lagged up to four hours. Furthermore, the trading 
volume-retum relation is steeper for positive returns than for non-positive returns. 
Gallant et al (1992) estimate the joint conditional return-volume density for the New 
York stock market using a semi-nonparametric approach. In line with the earlier 
studies, a positive correlation between conditional volatility and volume is found. 
Whereas the relation is nearly flat for negative standardised volume realizations, it is 
increasing for positive standardized volume. Large price movements are followed by 
high volume. Conditioning on lagged volume substantially attenuates the ‘leverage 
effect’. For volume observations above a level of about two, the relation weakens. 
The authors also find that a negative conditional risk-retum relation turns into a 
positive one when lagged volume is incorporated into the analysis. The results also 
suggest that a leverage-effect is jointly explainable by returns and volume.
Both Hiemstra and Jones (1994) and Lee and Rui (2002) implement the newly 
developed advanced econometric technique, the Granger causality test, the first 
focusing upon the price-volume relation of Dow Jones Index, and latter upon the 
index of three largest stock market. Evidence of significant bidirectional nonlinear 
causality was found.
In recent 10 years, many aspects and details of the topic are presented in the literature. 
Among them, Campbell et al (1993) deal with the relation between trading volume 
and serial correlation in stock returns, Foster and Viswanathan (1995) propose a 
model with endogenous informed trading that yields a conditionally heteroskedastic
time series for trading volume and the squared price changes. Chordia et al (2001) 
analyze the relation between expected equity returns and the level as well as the 
volatility of trading activity, a proxy for liquidity. Llorente et al (2002) investigate the 
dynamic volume-return relation of individual stocks by categorizing transactions into 
risk-sharing trades and speculative trades. Wu & Guo (2004) relate asset price 
volatility to trading volume with rational beliefs.
Another impressive feature of recent studies is utilizing transaction data (ultra-high 
frequency data). As addressed by Cai et al (2004,), the advent of high frequency data 
and readily available powerful computing facilities have provided finance researchers 
with the enviable opportunity of being able to explore stock market phenomena at the 
finest level of data. Smith et al (1997) examines transaction data regarding the 
market’s reaction to 258 takeover announcements on Toronto Stock Exchange. 
Several features of return volatility and trading volume are found. Downing and 
Zhang (2004) investigate the volume-volatility relation in the municipal bond market 
transactions. Their result is contrast to previous studies, which suggest a negative 
relation between average deal size and price volatility.
3.2 The Mixture of Distributions Hypothesis
In the literature, the mixture of distributions hypothesis (MDH) proposed by Clark 
(1973) is a very important theoretical framework about the relation between return 
volatility and trading volume. The MDH formulates a formal base for the subsequent 
studies on various aspects of the topic. Hence, a review on the origin, development 
and empirically relevant implications of the MDH theory is necessary and useful.
3 .2 .1  T h e  o r ig in  o f  th e  M D H
Let rt denotes the daily asset return on day t, R, denotes intra-day equilibrium returns, 
1=1,2, ...,N t: which means that there have been N t transactions happened on the specific 
day t. Calculating daily asset return by two of the three common formulae, absolute
return and continuously compounded return1, either of them is the simple sum of 
intra-day equilibrium returns, R $ t that is:
(3.1)
1=1
An intuitive indication of entity (3.1) for empirical study in financial market is to 
apply the Central Limit Theorem of Probability Theory since it express that any sum 
of many independent and identically-distributed random variables with a finite 
variance will tend to be normally distributed, le . following a normal or Gaussian 
distribution (See Chapter Appendix 3.A.1 for a detailed formulation). The ubiquity 
and good properties of the normal probability distribution could bring us many 
conveniences in our study (Tijims, 2004). However, as being displayed in Chapter 2, 
daily stock return series exhibit leptokurtic and fat-tailed, its kurtosis statistic is much 
greater than 3. This phenomenon is actually one of so called financial markets stylized 
facts (Poon, 2005). It is evident that conditions sufficient for the Central Limit 
Theorem are not met by the influences which make up the return series. The 
inapplicability of the Central Limit Theorem inspired Peter K. Clark to uncover the 
reasons of this leptokurtic distribution and the violation of the conditions sufficient for 
the Theorem (Karpoff, 1987; Andersen, 1996; Fleming, 2006). Further effort was 
made by his followers (Clark, 1973).
In the literature, Clark was not the first person to address on the distribution of daily 
asset return series. Mandelbrot (1963) lists many references to the problem of 
non-nonnality, such as Kendall (1953), one as early as 1915. The dominant 
explanation before the MDH birth had been the Stable Paretian Hypothesis of Benoit 
Mandelbrot (Mandelbrot, 1963; 1967; 1973). Mandelbrot suggested that speculative 
prices follow the Stable Laws. His work with commodity prices and Eugene Fama’s 
extensive investigation of stock prices (Fama, 1963; 1965; 1970) address that 
symmetric-stable distributions with characteristic exponents between one and two best 
characterize most speculative prices. Such distributions have thicker tails than normal,
1 Refer to Chapter 4 for the formula.
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and their second and higher moments do not exist. However, Clark (1973) shed a new 
light at this topic and leads the succeeding research into a quite different way. It is 
suggested that the distribution of daily returns, r, follows a mixture of normals, where 
the number of intra-day transactions, N t is called the mixing variable. He addresses 
that ‘the empirical evidence points to acceptance of the fmite-variance subordination 
model. The standard Central Limit Theorem holds only when the number of random 
variables being added is constant (in probability limit, at least); in the case of 
speculative markets, this restriction is violated, and the limit distribution of price 
changes is subordinate to the normal distribution’. Therefore, Clark’s suggestion is 
that the cause of the non-normality in daily price changes is the randomness of daily 
transaction number, N ,. The price series for speculative market evolves at different 
rates during identical intervals of time. The number of individual effects added 
together to give the price change during a day is variable and in fact random, making 
the Central Limit Theorem inapplicable. Clark performed a direct test of the two 
competing hypothesis, the Stable Paretian Hypothesis and his newly proposed 
Mixture of Distributions Hypothesis, concluded in favour* of the latter one (Clark, 
1973).
3 .2 .2  T h e  S u b o r d in a tio n  M o d e l
The concept of subordinate stochastic process was originally formulated in Bodmer 
(1960). Clark (1973) introduced it into the study on price variability of speculative 
market. The subordination model is a natural derivative of the MDH theory, which 
has yet become one of the three common approaches to time-varying variance in 
equity markets — the other two are the GARCH model and the SV model. In the 
literature, the subordination model is sometimes used as synonym of the MDH and is 
also referred to the mixture model (Wagner & Marsh, 2005). Actually, the two 
terminologies can be treated as two different perspectives at one object, i.e. the two 
sides of same object. This research emphasizes its theoretical aspects when referring 
to the MDH framework and its econometric aspects while we mention the
subordination model. Before we review its implications on our study, a summary of 
its general idea is useful.
Discrete stochastic processes are indexed by a discrete variable, usually time, in a 
straightforward manner: Xo, X u ..., X t, X {+i,.... This may also be written X(0), X ( l ) , ...; 
X(s) is the value that a particular realization of the stochastic process assumes at time 
s. Instead of indexing by the integers 0, 1, 2, ... , the process could be indexed by a set 
of numbers th t2, Q,..., where these numbers are themselves a realization of stochastic 
process (with positive increments, so that ti<t2<t3<...). That is, if T(t) is a positive 
stochastic process, a new process X(T(t)) may be formed. This process is said to be 
subordinated  to X(t); T(t) is called the directing process. The distribution of AX(T(t)) 
is said to be subordinate to the distribution of AX(t). Note that AX(t) will assume the 
role of the individual effects in the evolution of the price process, while T(t) is a clock 
measuring the speed of evolution. X(T(t)) is, of course, the price process itself.
In the context of speculative market, an obvious measure of the evolution speed of 
X(T(t)) is trading volume. In fact, if the price changes on individual trades were 
uncorrelated, T(t), the directing process, would be the cumulative trading volume up 
to time t. The distribution of the increments of the price process AX(T(t)) would then 
have a distribution subordinate to that of the price changes on individual trades, and 
directed by the distribution of trading volume. To test the hypothesis that trading 
volume in some sense measures the speed of evolution, Clark proposed a static 
subordination model. By using daily data of US cotton future market, it is justified 
that the relationship between [AX(T(t) ) ] 2 and trading volume on day t, V(t) is linear, 
with the proportionality coefficient representing the variance of AX(t).
The subordination model is especially appealing from a market microstructure 
perspective, since it makes assumptions about the underlying process which jointly 
generates price changes and trading volume. Returns over a fixed period such as one 
trading day are given as a random sum of sub-period returns with common 
distribution function. The arrival of traders is driven by an unobservable directing 
process. An implication of the model is a positive dependence between return
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variability and the unobservable directing process, since a higher trading intensity 
increase the variability over a fixed return measurement period. Succeeding empirical 
studies utilize trading volume and some other measures as a proxy of the 
unobservable directing process, presenting their research findings generally in support 
of the MDH.
3 .2 .3  T est fo r , e x te n s io n  to  a n d  m o d i f ic a tio n  o n  th e  M D H
Epps and Epps (1976) proposes a theory of financial markets based on a 
two-parameter portfolio model which shows that stochastic dependence between 
transaction volume and the change in the logarithm of security price from one 
transaction to the next, i.e. both of them are dependent random variables. The changes 
in the logarithm of price can therefore be viewed as following a mixture of 
distributions, with transaction volume as the mixing variable. Empirical test 011 
common stock data indicates that these distributions (of which the distribution of
A log p  is a mixture) appeai-s to have a pronounced excess of frequency near the
mean and a deficiency of outliers, relative to the normal. This paper provides an early 
theoretical support and additional empirical evidence for Clark’s new theory.
Tauchen & Pitts (1983) extends the subordination model to the Grossman & Stiglitz 
(1980) noisy rational expectation framework. They firstly derive from economic 
theory the joint probability distribution of the price change and the trading volume 
over any interval of time within the trading day, and secondly determine how this 
joint distribution changes as more traders enter (or exit from) the market. They also 
suggest that if the trading volume is strongly trended over the sample period, then the 
results of price variability-trading volume study can be very misleading. A sharp rise 
in the number of traders in the market can conceal most, and perhaps all of the 
relationship between the squared price and the volume of trading. Therefore, 
preliminary tests for trend in the trading volume are suggested.
Harris (1987) presents a test on the MDH relying on transaction data of 50 NYSE 
common stocks. His new predictions emanate from the assumption that prices and
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volume evolve at uniform rates in transaction time. The results support this 
assumption and the MDH in general. In addition, the tests suggest that the daily 
transaction-count may be a useful instrumental variable for estimating unobserved 
realizations of stochastic price variances.
Richardson and Smith (1994) develop a general procedure for direct testing whether 
the data conform to the MDH theory. Under a log-normally distributed directing 
process (where the continuous distribution is regarded as an approximation to the 
underlying integer valued directing process), the fit seems superior as compared to 
other distribution assumptions, however overall evidence is not overwhelming. 
Hiemstra and Jones (1994) exams whether the nonlinear causality from volume to 
returns, which they found by applying Granger causality test, can be explained by 
volume serving as a proxy for information flow in the stochastic process generating 
stock return volatility as suggested by the MDH framework. Their results are 
favourable.
In the literature, Anderson (1996) is the most important one after postulation of the 
MDH, which modifies the MDH framework substantially. This modified MDH 
combines the theoretical framework of Glosten and Milgrom (1985) with the 
subordinated stochastic process representation of Clark (1973) to obtain a model in 
which daily returns and trading volume are jointly subordinate to an unobserved 
directing variable: the daily infonnation flow. It adopts a noisy rational expectation 
framework and explicitly allows for non-informational trading and common 
infonnation arrivals. His resulting system modifies MDH from a microstructure 
perspective in which informational asymmetries and liquidity needs motivate trader in 
response to information arrivals. The dynamic features are governed by the 
information flow, modelled as a stochastic volatility process, and generalized standard 
ARCH specifications. He claimed that specification tests upon US single stocks 
support the modified MDH representation, showing that it vastly outperforms the 
standard MDH. The findings suggest that this modified MDH model can help to
analysis the economic factors behind the observed volatility clustering and persistence 
in stock returns. However, succeeding studies present us mixed evidence.
3 .2 .4  T h e  m o d i f ie d  M D H  o f  A n d e r s e n  (1 9 9 6 )
As being the primary research framework of current study, here we give the detailed 
formulation of the modified MDH to a relevant extent. Let vt and v{ denote the 
demeaned return and detrended trading volume for day t. Under Andersen’s (1996) 
modified MDH, these variables are generated by a process of the form
rt =<J,zrt (3.2)
and
vr = t (ju + Aa? )+ t (ju + A ct;  ^  zv, , (3.3)
Where zrt is an independently and identically distributed (i.i.d) N (0,1) standardized 
innovation, zvt is an i.i.d. standardized innovation such that v,|cr,2 -  r  • Po{fi + Acrf),
and zrt is independent of zvs for all t and s. That is, the dynamics of rt and vt are 
described by a bivariate stochastic volatility model. It may appeal* that this model fails 
to place any restrictions on the dynamics of the information flow. However, like the 
speculative trading model of Tauchen and Pitts (1983), the modified MDH implies 
that the return variance is indistinguishable from the information flow.
Entity (3.2) and (3.3) describe the data-generating process of the volatility-volume 
system. This bivariate stochastic volatility model reveals three key predictions of the 
modified MDH. First, demeaned returns exhibit stochastic volatility. Second, the 
conditional mean of detrended volume is a linear function of the conditional variance 
of demeaned return. Third, squared demeaned returns are uncorrelated with detrended 
volume after conditioning on the return variance.
Liesenfeld (1998) tests Anderson’s model by assuming a dependent directing process. 
Like Lamoureux and Lastrapes (1994), he finds no evidence that volatility persistence 
is explainable by volume data. Also motivated in large part by Andersen’s modified
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MDH, Watanabe (2000) analyzes a dynamic bivariate mixture models that allow for 
autocorrelation in the latent variable by a Bayesian method via Markov-chain Monte 
Carlo (MCMC) techniques. The results, based on daily data from the Nikkei 225 
stock-index futures, reveal that the Tauchen and Pitts model, in which returns and 
volume follow a bivariate normal distribution conditional on the latent variable, 
cannot account for the persistence in squared returns, whereas the Andersen model, in 
which the conditional distribution of volume is Poisson, cannot account for the 
persistence in volume. It is also found that the Tauchen and Pitts model yields too 
narrow Bayesian confidence intervals of the out-of-sample squared returns.
To assess the inter-temporal implications of MDH under a dependent directing 
process, Fong (2003) performs non-parametric tests based on the concept of time 
reversibility in statistical mechanics. The tests show that shocks to volume and 
volatility are dynamically asymmetric, thus rejecting the one-factor MDH. The author 
claims that the standard MDH with one latent factor cannot fully capture the joint 
dynamics of volume and volatility.
Boitout and Ureche-Rangau (2004) proposes another extension to MDH by utilizing a 
stochastic cascade model of volatility, inherited from the multi-fractal paradigm. 
Their empirical examination of French stock Alcatel provide some evidence in favour 
of this approach.
3 .2 .5  E m p ir ic a l ly  r e le v a n t  im p lic a tio n s  o f  th e  M D H  f r a m e w o r k
The evolution of price and volume in the MDH framework can either be measured 
with respect to standard calendar time or with respect to some operational time 
measure. To address a natural measure of operational time, let N (t ) denotes the 
random number of transactions in an intra-day time interval [0;r] . Intra-day 
equilibrium asset prices Pt and corresponding trading volumes If are observed at 
random time points. The counting sequence {n (t )}0St£] is termed as directing 
process, where n t =  N t (l) denotes the number of transactions for the rth trading day. 
Observed intra-day prices {f}}15.<Ar^ and trading volumes {[4 }1S/<A, ^are subordinated
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to a common directing process. Assuming continuously compounded 
returns, Rf = Inf/* / Pf_y) , it follows that the cumulative day t return /; and the
A',0)
cumulative volume v, is given by the random sums rt = ^?R j (entity (3.1)) and
7=1
#,(1)
v, = , respectively.
7=1
Consequently, it is concentrated at the finite second moment condition of the model. 
For simplicity, assuming an independent price and directing process, and i.i.d. 
intra-day returns, it follows:
V a r ( Y V a r ( N f ) ) E ( R f  + E{N,()))Var{R).(3.4)
This means that the unconditional daily return variance is a function of the 
unobservable directing process. When the daily return expectation is small, it can be 
re-written as:
M d « £ ( + ( i ) ) M * ,) -  (3.5)
Therefore, an important implication is that the conditional daily return variance 
follows:
)=«,)=«,M ^ ) -  (3.6)
Another important model implication is the prediction of a positive covariance 
between squared returns and volume, and absolute returns and volume as well:
Cov(;;2;v,)>0, (3.7)
Covflr,|;v,)>0. (3.8)
In order to cany out empirical investigation the unobservable directing process must 
be specified. Clark (1973) assumes that prices and volume are driven by an i.i.d. 
directing process, which represents the number of transactions. This observation is 
widely accepted and commonly applied in the literature. More structure is imposed 
under the information flow interpretation of the directing process. In the context of 
economic model such as the noisy rational expectation framework, trading volume is 
explained by two components, namely by individual non-informational trading and by
differences in the traders’ private information sets. Hence, the directing process can 
be characterized as an unobservable flow of noisy private information.
Suppose that non-informational trading volume is given by some stationary 
independent random variable v], we can write:
A+D
v,=v; + l X .  (3.9)
r= l
Trading volume is obviously a relevant observable variable which serves as a proxy 
for the unobservable information flow. When common information events on day t 
cause price variability h, without trading, conditional daily variance is
Var(r, \ N ',{l)= n',)= h, +n,V(3.10)
To exercise a univariate test on the MDH, the realizations of an observable, weakly 
exogenous, volume variable normally denotes the proxy of unobservable directing 
process. The information flow interpretation of the directing process implies that
A',0)
above-average volume which proxies the realizations should account for return
;=1
volatility better than volume itself. The same holds for unpredictable volume being a 
more suitable proxy for the number of day t information arrivals n, than volume 
itself.
3.3 ARCH Effects and Trading Volume
3 .3 .1  T h e  v o lu m e -a u g m e n te d  G A R C H  ( 1 ,1 )  m o d e l
Lamoureux and Lastrapes (1990) started an important direction. The authors examine 
Clark’s MDH hypothesis in the context of a GARCH model, where volume is 
assumed to be a weakly exogenous variable. This is the first paper in combining the 
excellent econometrics perfomiance of GARCH model and the well economics 
explanation of the MDH. Their specification can be written as follows, which is later 
widely cited and called as ‘volume augmented GARCH (1,1) model’ (VA-GARCH).
r, = P  +  £ ,
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S, |(v „ s,_2 ■■ ■) ~ N(0, h, ) ,  (3.11)
17 ,-0 ) + cxsf_ i + /37?r_j + <5v, (3.12)
Empirical fitting to twenty US single stocks produce evidence to support the notion 
that autoregressive conditional heteroskedasticity (ARCH) in daily stock return data 
reflects time dependence in the process generating infonnation flow to the market. 
Daily trading volume is shown to have significant explanatory power regarding the 
variance of daily return, which is an implication of the assumption that daily returns 
are subordinated to intraday equilibrium returns. Furthermore, their estimates of a  
reduced dramatically, most of the J3 estimates become statistically insignificant, and
the persistence measure (a  + p )  reduced substantially, which indicate that ARCH
effects tend to disappear* when volume is included in the conditional variance equation. 
In a later paper, however, Lamoureux and Lastrapes (1994) present a contrast results. 
Relaxing the assumption of exogenous volume variable used in previous one, their 
new subordination model rejects the ability of volume data to shed light on the source 
of persistence in stock return volatility.
There are batches of studies which refer back to the original Lamoureux & Lastrapes 
(1990) methodology. Najand & Yung (1991) investigate the US Treasury-bond future 
market. Their model additionally tests for the lagged association of return volatility 
and volume as well as the contemporaneous relationship. Only a weak positive 
relation for both contemporaneous and lagged volume is found in the future data, and 
ARCH effect does not vanish after volume variable is embedded in the model. 
Phylaktis & Kavussanos (1994) concerns with the dynamics of price change and 
information flow in Athens Stock Exchange in Greece. Their model specification is 
almost same as the original VA-GARCH (1, 1). Using daily trading volume or value 
as proxies for information flow, they report that it is significant in explaining the 
variance of daily return and to reduce ARCH effects substantially. Pyun e t  a l (2000) 
fit the model to Korean Stock Exchange and claims that current trading volume as a
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proxy of information arrival dramatically reduces the persistence of the conditional 
volatility, meaning that the arrival of information is a source of the ACRH effect.
Kalotychou & Staikouras (2006) studies the interplay between information, trading 
volume and volatility in Short Sterling futures. Liquidity variables, such as trading 
volume and open interest, serve as proxy of information arrivals. Basically, their 
methodology follows the VA-GARCH (1, 1) model. The results show that the 
volume-volatility relationship is positive, but volume has not removed the ARCH 
effect indicating the latter remain part of information set. Lagged volume variable is 
employed in this study.
3 .3 .2  E x te n s io n  o fV A - G R A C H  ( 1 ,1 )  m o d e l
While the above researches closely rely on the original VA-GARCH (1,1) model 
specification, a few studies extend the model specification and bring more economics 
implication. Salman (2002) extends the VA-GARCH (1,1) model with a dummy of 
the day-of-the-week-effect and a risk premium conditional variance term entering into 
the mean equation. Volume is taken as a proxy for the information arrival to the 
market and is introduced both in the mean and conditional variance equations. The 
specification is fitted to Istanbul Stock Exchange composite index. It is found that 
contemporaneous changes in volume have a positive effect on returns. The previous 
day’s change in volume affects conditional volatility of return positively. McKenzie et 
al (2003) investigate whether return volatility, trading volume, return asymmetry, 
business cycles, and day-of-week effects are potential determinants of conditional 
autocorrelation in stock return, with their primary focus is on the role of feedback 
trading and the interplay of return volatility. Their empirical examination on 
individual US stock as well as index data present evidence of trading volume being 
important in explaining the time-varying patterns of conditional autocorrelation in 
return. Hadsell (2006) extend the original VA-GARCH (1,1) model with a first order 
threshold term entering into conditional variance equation, which is actually a 
combination of Lamoureux & Lastrapes (1990) framework with Glosten et al (1993)
and Zakoian (1994). Four electricity futures markets on NYMEX are examined. 
Empirical evidence shows a correlation between return volatility and trading volume 
but the persistence doesn’t vanish after incorporating trading volume. It is suggested 
that traders in future market had an asymmetric reaction to new infonnation.
Bollerslev and Jubinski (1999) suggest that long-memory characteristics in the 
directing process may help to explain earlier model rejections. Fujihara & Mougoue
(1997) and Ginna & Mougoue (2002) investigate the explanatory power of volume to 
ARCH effect in the MDH framework in the futures markets. They generally find that 
incorporating trading volume produces a substantial drop in volatility persistence and 
at least some reduction in the significance of ARCH effects. Donaldson & Kamstra 
(2005) investigate the role of trading volume (1) in predicting the relative 
informativeness of volatility forecasts produced by ARCH models versus the 
volatility forecasts derived from option prices, and (2) in improving volatility 
forecasts produced by ARCH and option models and combinations of models. It is 
reported that if trading volume was low during period t-1 relative to the recent past, 
ACRH is at least as important as options for forecasting future stock market volatility. 
Conversely, if volume was high during period t-1 relative to the recent past, 
option-implied volatility is much more important than ARCH for forecasting future 
volatility.
A quite impressive direction of extension to VA-GARCH model is to employ 
diversified volume variables in the perspective of finance theory, such as market 
microstructure and information flow interpretation of the time varying variability of 
stock return. Solibakke (2001) employs ARMA-GARCH lag specification to fit a 
model exhibiting non-synchronous trading and volatility clustering for Norwegian 
thinly traded equity market. Trading volume is treated as a proxy of trading frequency. 
The results indicate that appropriateness of the model depend on the trading frequency. 
Wagner & Marsh (2005) use various volume variables, including surprise volume -i.e . 
unexpected above-average trading activity-which is derived from uncorrelated volume 
innovations. Assuming weakly exogenous volume, the paper extends the Lamoureux
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and Lastrapes (1990) model by an asymmetric GARCH in-mean specification 
following Golsten et al (1993). Model estimates for the index data of US as well as 
six large international equity markets show that surprise volume provides superior 
model fit and helps to explain volatility persistence as well as excess kurtosis. 
Surprise volume reveals a significant positive market risk premium, asymmetry and a 
surprise volume effect in conditional variance. Their model includes lagged volume 
variable, including the lagged surprise volume and firstly document that a surprise 
volume shock (breakdown)-/, e. large (small) contemporaneous and small (large) 
lagged surprise volume-relates to increased (decreased) conditional market variance 
and return. Chiu et al (2005) derives expected and unexpected volume series. Their 
empirical fit of the bivariate GARCH model to 10 call warrants on electronics stocks 
show that volatility of underlying stock returns are positively influenced by the 
expected and unexpected trading volumes of the underlying stocks.
3 .3 .3  C o n fl ic t in g  r e su lts  o f  V A -G A R C H  ( 1 ,1 )  m o d e l
Concerning with conflicting results presented in the literature, some researches are 
devoted to investigate the reasons of model failure. By doing this, their works uncover 
much insights of relation between ARCH effect and trading volume. Liesenfeld (1998) 
addresses that VA-GARCH (1, 1) of Lamoureux & Lastrapes (1990) suffers from a 
possible simultaneity bias, induced by treating trading volume as an exogenous 
variable. Omran & McKinzie (2000) revisit the approach for 50 UK single stocks and 
try to clarify some ambiguous aspects in Lamoureux and Lastrapes5 original work. 
Their empirical results exhibit that although the parameter estimates of the GARCH 
model become insignificant when trading volume is entered in the conditional 
variance equation, the squared residuals still display a highly significant 
autocorrelations, which indicates that the model cannot fully capture ARCH effects.
Fleming et al (2005) suggest that VA-GARCH (1, 1) model has two drawbacks, 
namely the impact of simultaneous bias on the VA-GARCH coefficients estimates 
and an unrecognized constraint imposed by the GARCH specification used for the
analysis. They try to justify their assertion by employing a more flexible two 
component EGACRH model and address that volume is strongly correlated with 
contemporaneous return volatility, but the correlation is driven largely by transitory 
volatility shocks that have little to do with the highly persistent component of 
volatility captured by standard volatility models. More recently, Fleming et al (2006) 
suggest a further modification to the MDH, again under the original independence 
assumption by relying on stochastic volatility model. They use state-space methods to 
investigate the relation between volume, volatility, and ARCH effects within the 
MDH framework. In contrast to studies that fit volume-augmented GARCH models, 
they find no evidence that volume subsumes ARCH effects. These two papers are 
complimentary and shed new light in the research on relations between return 
volatility and trading volume. The equivalency of stochastic volatility model to 
GARCH family model was established by Harvey et al (1994) early and Fleming & 
Kirby (2003).
3.4 Theories behind the Empirical Studies
While the mathematical and statistical aspects of the market volatility models are 
extensively investigated by researchers, the literature also gives us plenty of 
interpretation on the underlying mechanism and dynamics. Variety of disciplines is 
involved, including financial economics, psychology and sociology. Some new 
finance theories are emerged, such as market microstructure, behavioural finance. The 
focus of this section is the finance theories directly related to the empirical studies on 
the relations between return volatility, ARCH effects and trading volume.
3 .4 .1  A n  in tu itiv e  u n d e r s ta n d in g  o f  th e  p r e s e n t - v a lu e  r e la tio n
The present-value relation is one of the essential theories in finance, which is 
expressed in Campbell, Lo and Mackinlay (1997) as follow:
Where P t denotes the price of a share measured at the end of period t, E, is the mai*k 
of mathematical expectation; D nk denotes dividend and Rt+k the return of the stock, 
respectively.
Identity (3.13) states that the price of stock at the end of period t is determined by the 
future cash flow, D 1+k, #=1,2,..., and the discount rate Rt+k, #=1,2,.... Its 
straightforward implication to volatility of stock price is that variability of price 
change can be attributed to the variability of future cash flow, the variability of future 
discount factors and the interaction between these two variables. Future cash flow and 
discount rate are, in turn dependent on the micro or corporate level variables, such as 
profitability, capital structure, financial leverage, operational leverage and 
management capacity. For a portfolio or an entire exchange, these independent 
variables should include industry level factors, macro-economic variables and 
government fiscal and monetary policy as well. Therefore, from a perspective of 
entire stock market, present-value relation implies that the volatility of stock market is 
eventually driven by fundamental macro-economic variables, industry level factors 
and corporate level financial leverage.
3 .4 .2  M a c r o -e c o n o m ic  c a u s e s  o f  s to c k  m a r k e t  v o la t i l i ty
In the literature, there are a batch of studies regarding the relation between stock 
market volatility and macroeconomic causes. Various researchers propose that stock 
return volatilities are driven by relevant macroeconomic variables. The classic paper 
of Lucas (1978) establishes a theoretical formulation system of asset prices in an 
exchange economy, in which he treats asset prices as a function of the physical state 
of the economy. Campbell (1987) found that nominal interest rates are significant 
determinants of volatility. Engle & Rodrigues (1989) shows that the variance of stock 
returns depends on the Ml money supply and an oil price index, while Schwert (1989) 
analyzes the relation of stock volatility with real and nominal macroeconomic 
volatility, economic activity, financial leverage, and stock trading activity. Schwert 
(1990) identifies a linkage to the business cycle and financial crises. By using US 
stock returns for 1834-1987, Schwert finds that stock volatility tends be higher during 
recessions and reacts strongly to banking crises.
The Markov chain approach proposed by Hamilton (1989) and Hamilton & Susmel 
(1994) have been widely cited and applied in modelling the regime switching in 
business cycle, stock market volatility and the relation between these two. Hamilton 
and Lin (1996) investigate the relation between stock market volatility and the 
business cycle. They proposed a model on the joint time series behaviour of monthly 
stock returns and growth in industrial production. Kearney (1998), Kearney and Daly
(1998), and Chiang and Doong (1999) document the relations in the context of some 
small economies, while Kearney (2000) relate stock market volatility with interest 
rate, foreign exchange rate, inflation and industrial production for five big economies 
( UK, US, France, Germany and Japan). Campbell et al (2001) also relate stock 
volatility with industry and macroeconomy scope variable. Empirical study of 
Beltratti and Morana (2006) using S&P5 00 data for the period 1970-2001, finds 
evidence of a twofold linkage between stock market and macroeconomic volatility.
3 .4 .3  T h e  in tr in s ic  im p lic a tio n  o f  th e  p r e s e n t - v a lu e  re la tio n
It is not difficult to find out that the above mentioned studies on the relation of stock 
volatility and macroeconomic variables are exclusively relied on the low frequency 
data, at most monthly frequency. This exclusion is because not only macroeconomic 
data are not available on higher frequency than monthly intervals, but also the 
macroeconomic influences do not change substantially in short intervals. Empirical 
studies on stock market volatility using daily or intraday data provide substantial 
evidence that stock volatility displays high time-variation and sudden changes, as well 
as volatility clustering, volatility persistence and volatility asymmetry. Obviously, 
these features can not be interpreted by the variation of the physical economic 
variables, i.e. fundamental macro-economic variable, industry factors and corporate 
level financial leverage. In fact, it is impossible that physical economic variable 
taking substantial change in such short time intervals.
Furthermore, volatility literature proposes that the universally existed excess volatility 
can not be rationally interpreted although the fundamental economic variables, trading 
behaviour and trading structure have been comprehensively taken into account. It is 
found that price series is severely volatile while the dividend series is quite stationary, 
either in mature stock markets or in the newly establish emerging stock markets. To 
explain these excess volatility and abnormal returns, financial economists, therefore,
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proposed rational bubble, irrational investment behaviour, e.g. fading and herding 
effects, and unhealthy market structure, such as institutional deficiency and market 
manipulation. These new fashionable theories seem to depreciate the validity of 
present-value relation in explaining the stock market volatility. However, the validity 
of present-value relation is not really declined. In fact, the intrinsic implication of the 
present-value relation is: stock price is investors’ rational expectation on the future 
value of fundamental economic variables, which account for stock price variation, 
while this rational expectation is essentially dependent on the collection and 
application of the information in related to these fundamental economic variables. 
Stock market volatility is hence the variation of the rational expectation of market 
participants and it in turn is eventually determined and driven by the information flow 
regarding stock price.
The theory of capital market microstructure asserts that the volatility of capital assets 
is closely related to the way and the speed of information transmission (For example, 
French & Roll, 1986; Madhavan, 2000; Easley & O’Hara, 2003). Information 
absorption, assessment and use are the key issues in interpreting stock market 
volatility. The volatility of stock market essentially depends on information 
transmission mechanism, i.e. the collection, release, circulation, application and 
evaluation of the information. This implication could probably help to reconcile the 
failures of fundamental economic variables, social and political variables in 
explaining stock market volatility. It also replenishes the interpretation of trading 
behaviour, e. g. irrational investment behaviour, rational bubble, and unhealthy 
market structure.
3 .4 .4  T h e  in fo r m a tio n  f l o w  in  te r p r e ta tio n
The information flow interpretation is closely related to the MDH, which is now the 
most influential theory in explaining the dynamics of financial market volatility. In his 
seminal work, Clark addresses: ‘The different evolution of price series on different 
days is due to the fact that information is available to traders at a varying rate. On 
days when no information is available, trading is slow, and the price process evolves 
slowly. On days when new information violates old expectations, trading is brisk, and 
the price process evolves much faster’ (Clark, 1973).
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The extension of Tauchen & Pitts (1983) to the MDH offers an economic 
interpretation of the unobservable directing process. They argue that the theoretical 
work on volatility of speculative market under rational expectations does not 
explicitly take into account some important effects of trading activity. What is needed 
is the theory of how the stochastic specification of both the rate of new infonnation 
flow and traders’ reaction to the infonnation change as more traders enter the market. 
They impose more structure under the infonnation flow interpretation of the directing 
process. Assuming that traders share common infonnation set and additionally receive 
noisy private infonnation signals, trading will occur due to differences in private 
information sets. Trading volume is therefore explained by two components, namely 
by individual non-informational trading and by differences in the traders’ private 
information sets. Hence, the directing process can be characterized as an unobservable 
flow of noisy private infonnation. An implication of the MDH based noisy rational 
expectations framework is that only trading due to private infonnation arrivals, not 
overall trading, should relate to return variability. Interpreting the directing process as 
an unobservable flow of private infonnation, it is above average volume that should 
serve as potential proxy for information flow.
Concerning with the sources of ARCH effects in financial markets, a systematic 
search began at the end of 1980s. Diebold, Francis & Nerlove (1989) suggest that one 
possible explanation for the prominence of ACRH effects is of course the presence of 
serially correlated news arrival process. In a detailed empirical analysis, Engle, Ito & 
Lin (1990) find support for this hypothesis, although any satisfactory explanation for 
this dependence in the underlying news arrival process is notably lacking. Following 
Tauchen & Pitts (1983) such serial correlation in the news arrival process would 
likely induce a strong contemporaneous relationship between volume and volatility as 
well, thus explaining the Lamoureux & Lastrapes (1990) results. This is also related to 
Stock’s (1987, 1988) notion of time deformation in which economic and calendar 
time proceed at different speeds. In a related context Bollerslev & Domowitz (1991) 
have shown how the actual market mechanisms may themselves result in very
different temporal dependence in the volatility of transactions prices, with a particular 
automated trade execution system inducing a very high degree of persistence in the 
variance process. Some other preliminary theoretical results on the foundation of 
ARCH models together with some interesting empirical evidence for the significance 
of various exogenous forcing variables in the variance equation have been obtained by 
Domowitz & Hakkio (1985), Diebold & Pauly (1988), Backus, Gregory & Zin (1989), 
Giovannini & Jorion (1989), and Hodrick (1989) among others.
Bollerslev, Chou & Kroner (1992) provide a comprehensive review on ARCH 
modelling in finance for this early period. They conclude that any satisfactory 
explanation for the dependence in the underlying news arrival process was notably 
lacking at that time. They also argue that a simultaneous problem may seriously bias 
the results of Lamoureux &  Lastrapes (1990), as contemporaneous correlation 
between volume and price data have been documented by various authors.
It is originally assumed that price evolve when new information arrives at the market, 
then the number of transaction on day t, N t would be the number of information 
arrivals in the market on a certain day. The positive correlation between volume and 
daily returns arises because the variances of the returns and volume are positively 
correlated with the unobserved random number of information arrivals to the markets, 
N t (see Chapter Appendix 3.A.2 for a detailed formulation). However, a more 
satisfactory explanation is suggested by following studies that information flow does 
not uniquely drive trading activity; there are some other various reasons of trading. 
Admati & Pfleiderer (1988) develops a theory in which concentrated-trading patterns 
arise endogenously as a result of the strategic behaviour of liquidity traders and 
informed trader. Price and volume are simultaneously determined in accordance with 
the documented empirical regularities. Wang (1994) develops a model of competitive 
stock trading in which investors are heterogeneous in their information and private 
investment opportunities and rationally trade for both informational and 
non-infonnational motives. He & Wang (1995) further develops a multi-period 
rational expectations model of stock trading in which investors have differential
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information concerning the underlying value of the stock. Investors trade 
competitively in the stock market based on their private information and the 
information revealed by the market-clearing prices, as well as other public news. The 
authors examine how trading volume is related to the information flow in the market 
and how investors’ trading reveals their private information. Bessembinder et al (1996) 
summarize that trading volumes in financial markets are determined by (/j traders’ 
exogenous liquidity needs; (ii) information flows, both public and private; (iii) 
cross-sectional differences in agents’ opinions or assessments of intrinsic value; and 
(iv) the strategic interactions between informed and liquidity traders. Another 
promising suggestion is that volume in individual equities is more closely related to 
firm-specific information flows, while equity basket volumes is more closely 
associated with market information. Gabaix et al (2006) is an important theoretical 
study in recent years. Their model expresses that market movements are due to trades 
by very large institutional investor in relatively illiquid market. Such trades generate 
significant spikes in return and volume, even in the absence of important news about 
fundamentals.
Literature has documented various aspects of the information flow interpretation. 
Eilifsen et al (2001) is concerned with the dissemination process of firm-specific 
annual earnings information in the Norwegian capital market. Blair et al (2001) 
depends the incremental information of index return volatility on the sources of 
information that move stock price. Sarwar (2004) analyses the dynamic relation 
between future price volatility of the S&P 500 index futures and trading volume of 
S&P 500 futures options to examine the informational role of the option volume in 
predicting the future price volatility.
An interesting recent exercise is Antweiler & Frank (2004), which studies the effect 
of more than 1.5 million messages posted on Yahoo! Finance and Raging Bull about 
the 45 companies in the Dow Jones Industrial Average and the Dow Jones Internet 
Index. They find that stock messages help predict market volatility, disagreement 
among the posted messages is associated with increased trading volume, which is
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consistent with Harris & Raviv (1993). Connolly & Stivers (2005) also find evidence 
of supporting this suggestion. Their results shows that volatility clustering (i.e. ARCH 
effects) tends to be stronger when there is more uncertainty and disperse beliefs about 
the market’s information signal. Onder & Simga-Mugan (2006) shows that political 
and economic news influences both the return volatility and trading volume in 
Argentine and Turkish stock markets to varying degrees.
Regarding the proxy variable for the unobservable directing process in the literature 
of infonnation flow interpretation, while trading volume is typically used by many 
studies, some other variable are alternatively used. For example, Jones et al (1994) 
employs the number of transactions, Evans & Lyons (2002) utilise order flow-the net 
of buyer and seller initiated transactions.
3 .4 .5  T h e  th e o r y  o f  m a r k e t  m ic r o s tr u c tu r e
Market microstructure is “the study of the process and outcomes of exchanging assets 
under a specific set of rules. While much of economics abstracts from the mechanics 
of trading, microstructure theory focuses on how specific trading mechanisms affect 
the price formation process” (O’Hara, 1998). Its scope consists of price formation and 
price discovery, transaction cost & timing cost, market structure and design, 
infonnation and disclosure. This branch of financial economics may provide 
theoretical support to the empirical studies on the relation between return volatility, 
ARCH effects and trading volume in a concrete extent.
Studies in the market microstructure literature suggest that a variety of characteristics 
influence the bivariate dynamics of return volatility and trading volume. Some of 
these include the informativeness of market prices, the presence or absence of 
liquidity traders in the market, and the manner in which news is disseminated to 
market participants. Under most circumstances, however, theory points to the rate of 
infonnation arrival to the market as the primary variable of interest (for example, 
Andersen, 1996).
One of the implications from market micro structure theory is that above average 
volume and abnormal volume contains more information regarding the market 
volatility, thus more informative in explaining the market dynamics and serving as the 
proxy of the underlying directing process. Espejel (1997) addresses this idea, which is 
supported by the findings of Wagner & Marsh (2005). The latter presents that an 
underlying uncorrelated abnormal volume variable on average provides a better fit 
than the raw abnormal volume variable. It is claimed that this is consistent with 
market micro structure literature. Gervais et a l (2001) investigate the idea that extreme 
trading activity contains information about the future evolution of stock prices. It is 
found that stocks experiencing unusually high (low) trading activity volume over a 
day or a week tend to appreciate (depreciate) over the course of the following month. 
The authors argue that this high-volume return prem ium  is consistent with the idea 
that shocks in the trading activity of a stock affect its visibility, and in turn the 
subsequent demand and price for the stock.
In the literature, some studies are concerned with the firm size effects. James & 
Edmister (1983) explore the relationship among common stock returns, market 
capitalization and trading activity, in particularly the question of whether the firm size 
effect is explicable in terms of differences in trading activity between large and small 
firms. Their results show that firm size and trading activity is highly related, however, 
differences in trading activity are not the underlying reason for the firm size anomaly. 
Huang et al (2003) show that trade frequency and average trade size impact price 
volatility for small trade. For large trades, only trade frequency affects price volatility.
3.5 Chapter Summary
Study on the volatility-volume relation has a long history. Academic treatment 
focused on the relation between volume and absolute price and price change p er  se in 
the early period, but diverted to the relation between volume and time-varying return 
variability, i.e. conditional volatility. Much advanced empirical instrumentals are 
employed, including GARCH model, subordination model and stochastic volatility
model. Theories behind these researches have been upgraded unceasingly. The 
mixture of distributions hypothesis has been modified, from the economics 
background of rational expectation to noisy rational expectation, and being extended 
to the irrational investment behaviour of the newly emerging behavioural finance. 
Many insights have been uncovered.
However, literature up to today still displays us a mixed picture on the relation 
between return volatility, ARCH effects and trading volume. There is no a branch of 
theory, an approach of empirical investigation to be overwhelming. Sometimes 
researchers are even puzzled by conflicting or contrast results they obtained. The 
theories of market micro structure and information flow interpretation logically imply 
that arrivals of profitable information is non-auto-correlated random variable, 
however it is proven that GARCH model captures the temporal dependence of daily 
number of transactions (see Chapter Appendix 3.A.2) which is assumed to represent 
daily arrivals of information flow and is proxied by the daily trading volume. 
Amongst the various question on the bivariate dynamics of return volatility and 
trading volume, following ones are quite tempted. Why applications of the 
VA-GARCH model present conflicting and contrast results? How does the level of 
liquidity related to the volatility-volume dependence? How does the firm size affect 
the relation? How does the serial correlation of trading volume related to its 
explaining power of ARCH effects, and how are the regarding empirical evidence 
consistent with the theories of information flow interpretation, market micro structure 
and behavioural finance? The succeeding chapters are targeted to answer these 
questions.
Regarding the work on the Chinese stock market, there are few publications directly 
related to our topic, the relationship between return volatility, ARCH effects and 
trading volume. Lee & Rui (2000) examines empirical contemporaneous and causal 
relationships between trading volume, stock returns and return volatility in China's 
two stock exchanges and across these markets. It is found that trading volume does 
not Granger-cause stock market returns on each of the markets. As for the
-49-
cross-market causal relationship in China's stock markets, there is evidence of a 
feedback relationship in returns between Shanghai A-share and Shenzhen B-share, 
and between Shanghai B-share and Shenzhen B-share. Shanghai B-share return helps 
predict the return of Shenzhen A-share. Shanghai A-share volume Granger-causes 
return of Shenzhen B-share. Shenzhen B-share volume helps predict the return of 
Shanghai B-share. The paper also investigates the causal relationship among these 
three variables between China's stock markets and the US stock market and between 
mainland China and Hong Kong.
In the literature, Wang et al (2005) is the only paper of investigating the relation 
between ARCH effects and trading volmne in the context of Chinese stock market1. 
Their model specification strictly follows Lamoureux & Lastrapes (1990). Empirical 
results show a dramatically attenuation in the persistence of conditional volatility,
(a  + p )  for 22 individual stocks but nor for 4 market indices. They suggest that
infonnation arrivals represented by trading volume tend to be company specific. A 
crucial drawback of this study is that the authors do not present any diagnostic 
statistics to the fitted model, especially the tests for autocorrelations in the squared 
standardized residuals. If ARCH remains in the model residuals, their documented 
results are rendered questionable. Therefore, it is quite tempted to clarify these 
remained ambiguous issues.
Chapter Appendix
3 .A . 1 T h e  C e n tr a l  L im i t  T h e o re m
Let {A,-} be a sequence of identically distributed independent random variables, 
E(Aa)=/l, Vai'CA'fetr2 , if 2 is finite and 0<cr2<oo, then the distribution function of 
standardised variable of the sum of A,,
r; (3A 1}
f l n c r
1 This is not included the publications in Chinese.
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l im /0 ;  < + )= o O ), (3A.2)
7 1 -» °o  '  '
where y  is a real number at will, and <t>(y) is the distribution function of standardised 
normal, which is characterised that it’s skewness, s equals 0 and kurtosis, k  equals 3 
when 5 and k  are calculated by
*= I(3A.3)
k E(K_- E(r:)f (3A4)
( + ; - + ; ) ) 4
This is the Central L im it Theorem o f  Lindeberg-Levy. Twenty years before 
postulating of this one, Lyapunov imposed stronger conditions and proposed the 
Central Lim it Theorem o f  Lyapunov, which applies when the dependent variables X ; 
are not identically distributed (Lindeberg, 1922; Tijims, 2004; Artstein, et al, 2004). If 
the third central moments are finite for every n, i.e.
£(|Y  -A ,|3)< °o> (3A.5)
and that
limA Z d k - / 4 ) = < > >  (3A.6)
II 7=1
where, Bn = J a f  + <r2 H—  <r2 , then the distribution of Y„* converges towards the 
standard normal distribution 77(0,1), i.e. for any real number y,
3 .A .2. T h e  s e r ia l  d e p e n d e n c e  in  th e  n u m b e r  o f  d a i ly  tra n s a c tio n s :  w h e th e r  
A R C H  d y n a m ic s  is c a p tu r in g  th e  e f fe c t  o f  th e  in fo r m a tio n  a r r iv a l
The information flow hypothesis may be an interpretation for the success of GARCH 
models in modelling stock returns. If it is assumed that the mixing variable, N, forms a 
serially dependent sequence, then it is possible that GARCH is capturing the temporal 
dependence in this variable. To explain how, the daily returns, rt, are decomposed in 
the following way:
A',
r ,= J ] R ,  where R, ~  IID  N (0 ,cr2) (3A.8)
r=]
Here, the R,s are the intraday equilibrium returns, and N t is the random number of 
daily transactions on day t. Identity (3A.8) indicates that daily returns are generated 
by a subordinated stochastic process in which rt is subordinate to R, and N { is the 
directing process. It is assumed that N { is independent of the R t but is serially 
correlated. (3A.8) can be rewritten as:
rt -< y(N ,)lllz, where z; ~ I ID N (0,1) (3A.9)
Thus
/;|A£~A(0,o-2A,) (3A.10)
From equation (3A. 9), (3A.10), daily returns conditional on the daily number of 
transactions at the market, N h is normally distributed with zero mean and variance 
that reflects the intensity of transactions [A£]. As noted by Andersen (1996), ‘...this 
representation is closely related to the idea of time deformation as the return variance 
is driven by an event time scale (information arrivals) rather than a calendar time 
scale’ (see also Stock, 1987, 1988). The auto-covariance of the squared returns is 
given by:
C o v(if = a  4Cov(N,zf,N,_jzlj)(3A.11)
= <rtC ov(N „N ,_J) (3 A. 12)
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Since {zt} ai*e independently distributed, Equation (3A.11) and (3A.12) show the 
auto-covariance of returns [ARCH effects] is due to the serial dependence in the daily 
number of transactions [N,].
Since N t is actually the number intraday equilibrium returns, whether ARCH 
dynamics is capturing the effect of the information arrival to the market is subject to 
the validity of the hypothesis that daily number transactions equals the daily number 
of information arrivals.
Chapter 4 Data and Methodology
4.1 Sample and Data
4 .1 .1  T h e  in d e x  s a m p le
We have addressed in the introduction chapter that the most commonly cited stock 
price index for Shanghai Stock Exchange is the Shanghai SE Composite Index (SHCI) 
which constitutes all listed stocks (A shares and B shares) at the SHSE, for Shenzhen 
Stock Exchange is the Shenzhen SE Component Index (SZCI) which constitutes of 40 
representative shares from the market, covering A-share and B-share. These two 
indices generally represent the aggregate markets movements in the two Chinese 
stock exchanges, thus are firstly selected for our index sample.
Considering the significant differences between the A-share and B-share markets in 
Chinese context, the separate A-share index and B-share index should be taken into 
account. For the purpose of comparing the two Chinese stock markets, the composite 
A-share index and the composite B-share index are selected for both Shanghai and 
Shenzhen Stock Exchange. These indices are abbreviated to SHAI and SHBI for 
Shanghai market, and SZAI and SZBI for Shenzhen market. Therefore, the sample 
data set for the aggregate Chinese stock market study consist of six indices. Chapter 
appendix 4.A.1 reports the details of the six sample indices.
4 .1 .2  T h e  im p o r ta n c e  o f  e q u ity  le v e l  s tu d y
Although index-based investigation can be reasonable for studies on return 
volatility-trading volume relationship at the aggregate market level, individual equity 
level investigation may help uncovering more insight of the bivariate dynamics. In the 
perspective of information flow interpretation, the essence of the study on the 
relationship between return volatility and trading volume is to uncover the effect of 
infonnation arrivals. However, trading volume corresponding to index usually display 
more broadly macro-level infonnation flows rather than the micro-level, more specific 
infonnation arrivals. The role of the latter can only be investigated by using data of 
individual shares. The reviewed literature suggests both theoretically and empirically 
that study on individual equity level may help us to probe into the volatility-volume 
dynamics in-depth.
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In the context of the Chinese stock market we should also bear in mind the daily price 
change limit on individual shares which had being imposed before 21 May 1992 and 
has being re-imposed after 15 December 1996. As we have addressed in the previous 
section that the literature documented various potential effects of the ongoing price 
change limit, and these effects can possibly conceal the truth in our empirical 
investigation. One possible outcome is that return volatility will be underestimated on 
that trading day and overestimated on the next trading day if price of this individual 
share reach the change limit on a specific day. Price limit can also stop the transaction 
and lower the liquidity on the day and causes distorted volume increase on the next 
trading day. Thus, a dummy variable of price limit needs to be embedded in our 
models. However, this adjustment can only be implemented on the individual share 
price but not on a portfolio or a composite index level. This probably is a drawback of 
index level study but a merit of the equity level study.
4 .1 .3  E q u i ty  s e le c tio n  c r ite r io n
Initially, a number of 40 individual stocks listed on the Shanghai Stock Exchange and 
the Shenzhen Stock Exchange are considered. However, setting a rational criterion for 
this stock selection is not an easy task. The 20 individual shares chosen for the study 
of Lamoureux & Lastrapes (1990) were from a population of stocks for which options 
traded on the Chicago Board Options Exchange. This possibly provides a guarantee of 
the selected stocks being actively traded because in general that only stocks that are 
actively traded have options listed on an exchange. The authors addressed that 
actively traded stocks are more likely to have a sufficiently large number of 
infonnation arrivals per day to satisfy the condition for the Central Limit Theorem. 
Fleming et al (2005) polish this criterion from a perspective of econometric 
estimation. Their argument is that the MDH implies that the impact of simultaneity 
bias becomes negligible as the number of traders in the market and /or the number of 
daily information events becomes large. Hence, by focusing on widely held and 
frequently traded stocks that are often in the news, we can retain the tractability and 
intuitive appeal of the GARCH framework while minimizing concerns about the 
impact of simultaneity bias.
In the literature, researchers generally follow the criteria initially installed by 
Lamoureux & Lastrapes (1990), but some divisions appeared. For example, study of 
Omran & McKenzie (2000) on British stock market adopted 20 companies amongst
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the 100 biggest. Wang et al (2005) selects 20 companies from the top 100 in terms of 
market capitalization. Due to fact that the popular short-termist behaviour of the 
Chinese investors, small size shares are more likely to be traded actively, thus, the 
sampling criteria of Wang et al (2005) is possible at odds with the literature.
Sample selection and organizing procedure adopted by Solibakke (2001) is quite 
prominent. Their selected individual shares from Norwegian stocks are classified into 
foui* groups: a portfolio of the most thinly traded assets, a portfolio of intermediate 
thinly traded assets, a portfolio of intermediate thinly traded assets and finally a 
portfolio of the most frequently traded assets. The empirical findings are consistent 
with Fleming et al (2005).
Based upon the sample equity selection criteria used in the previous studies and their 
empirical outcomes, this study adopts turnover velocity, which is
rp 7 .. Trunover by volumeTurnover velocity =   — -------------- x 1 0 0 % , (4 .1 )
Number o f  shares in Hade
as sample selection criterion.
A listed share is normally spanning many years for the sample covering period. The 
denominator in (4.1) is actually a stock variable. Therefore, the average number of 
shares for the sample covering period is actually employed in calculation. Meanwhile 
the numerator, turnover by volume is the accumulative number of shares which have 
been traded during the sample covering period since it is a flow variable. It is obvious 
that turnover velocity is an indicator of times that specific stock has been entirely 
traded, thus a concrete criterion of trading activity.
In order to examine the issues raised previously, a sampling strategy of contrast equity 
groups is motivated. This study selects 10 shares with highest turnover velocity and 
10 shares with lowest turnover velocity during the sample covering periods, 
constituting the two contrast groups, group Al and group A2, respectively.
Alternatively, market capitalization is a convenient criterion of stock selection, which 
measures firm size and sometimes used in the literature. For the purpose of 
comparison, the 10 shares with smallest market capitalization and the 10 shares with 
largest market capitalization constitute another pair of contrast groups, group BI and 
B2, respectively. Our prior notion is that equities with smallest market capitalization 
are traded more actively given the situation in the Chinese stock market that
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short-termist investors and possible market manipulators always target at small size 
shares. Thus, group BI is contrast to group B2 in terms of the level of trading activity. 
Fleming et al (2006) proposes that the individual share which are widely held and 
with high level trading activity are more likely to have volatility-volume dependence. 
Considering the reality of the Chinese stock market, the shares of group BI are 
probably not widely held but much informative than shares of group B2.
4 .1 .4  S a m p le  c o v e r in g  p e r io d  a n d  th e  s e le c te d  in d iv id u a l  e q u it ie s
Considering the re-impose of price change dummy in the market and the number of 
shares been continuously traded on the market, this study adopts a sample covering 
period of 1 January 1997 to 16 March 2007. There totally had been 521 stocks in alive 
on the two Chinese stock markets during this period.
To select 20 individual stocks from such large number of population according to 
their turnover velocity, the work of calculation and comparison is much heavy. 
Fortunately, the online trading system of Qianlong gives us a function of automatic 
share selection by a criterion set by customer1. It turns out that there are 18 shares for 
which turnover velocity exceed 5500%, and there are 12 shares for which turnover 
velocity is less than 40%.
It is common observation of the experienced Chinese investors that small shares are 
more likely to be targeted by the short-termist, and possibly by market manipulators, 
thus these shares are normally much actively traded than those shares with large 
market capitalization. This observation is supported by our sample selection results 
which show large overlap of group Al and group BI. Half constituents of group Al 
repeatedly appeal* in group BI, one constituent of group A2 repeatedly appears in 
group B2 as well. Finally, 34 individual stocks are selected to construct the four 
groups of our sample, with each comprises 10 individual stocks. Table 4.1 lists the 
sample stocks of each group. Details of these stocks are presented in Chapter 
Appendix 4.A.1, alphabetically. It is notable that all of these sample stocks are 
A-shares, none of B-share appears in the list, though the original sample frame of 521 
stocks consist of both A-share and B-share.
1 Qianlong is one of the most widely used online security trading system in China and it 
holds market share more than 50% among both institutional and individual investors.
See: http://wwv.qianlong.com.cn/.
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T ab le  4.1 Sam ple stocks o f  ind iv idual equity  groups
Group Sample Stocks
Al: Individual shares with
CYT GCB KGI KMC SEA SEE SHC SJG STB SYP
highest turnover velocity
A2: Individual shares with
CCA FEN LUY PAN SHI TNM TOP YNB YNX ZIB
lowest turnover velocity
BI: Individual shares with
SEL SFF SHC SHD SJG SLS SRB STB SVO SYP
smallest market capitalization
B2: Individual shares with
DEV JYG KGD PAN SCE SNN SOP SSI SYI VAN
largest market capitalization
4 .1 .5  T h e  d a ta  s o u r c e
All the data used in this study are retrieved from Thomas DataStream Advance, 
except for the price and volume of Shenzhen SE Component Index, which are not 
available from DataStream and alternatively retrieved from Qianlong System. 
DataStream is basically a reliable and comprehensive data source for finance study 
that is widely used by empirical researchers in finance study. Its database covers 
almost all the market indices worldwide.
4.2 Definitions of Volatility, Return and Volume
4 .2 .1  M a r k e t  v o la t i l i ty
It is useful to give an explanation of what volatility is, at least for the purpose of 
clarifying the scope of this thesis. Volatility refers to the dispersion of all likely 
outcomes of an uncertain variable. Typically, in financial markets, we are often 
concerned with the spread of asset returns (Poon, 2005). Statistically, volatility is 
often measured as the sample standard deviation
t f c - r f .  <“ >
w here r, is the  re turn  on day /, and p  is the average return  over the T-day period.
Variance, cr2 is also used as a volatility measure. Since variance is simply the square 
of standard deviation, it makes no difference whichever measure we use when we 
compare the volatility of two assets. Standard deviation is much straightforward and 
intuitive measure of volatility because it has the same unit of measure as the mean, i.e. 
if the mean is in pounds sterling, then standard deviation is also expressed in pounds 
sterling whereas variance will be expressed in pounds sterling square, which is 
meaningless and confusing. In the other hand, however, variance is more convenient 
for the purpose of mathematical formulation and hence econometric analysis normally 
employs variance rather than standard deviation as volatility measure.
Consider a time series of returns rh t= 1,2,..., T, the standard deviation, & in 
equation (4.2) is the unconditional volatility over the T period. Since volatility does
not remain constant through time, the conditional volatility a tT is more relevant
infonnation for asset pricing and risk management at time t. Engle (1982) was the first 
to propose the use of an ARCH (autoregressive conditional heteroscedasticy) model 
below to produce conditional volatility.
r,= fi + e„ s, ~A!(< hff).
h, = co + a xs;_ l + a 2sf_2 + • • •. (4.3)
where zt is often assumed to be i.i.d.
Bollerslev (1986) generalized ARCH model by introducing autoregressive tenn of 
conditional variance into the last entity of equation (4.3),
h,=o) + a xs]_x + a 2sp 2 + • • • + /?,/?,_, + j32h,_2 + • • •, (4.4)
which is now widely applied in empirical finance, typically the GARCH(1,1) 
specification.
4 .2 .2  S to c k  re tu rn
Suppose asset price is recorded once each trading day, always at the same time of day. 
Closing prices are usually recorded. Let p t be the price on trading day t and let dt be
the dividend (if any) paid during day t; d, will only be non-zero for stocks and then 
only on a few days every year.
Three types of price changes have been used in previous study (Taylor, 1986):
4* =P,+df - Pl_l (4.5)
i) =(p)+dl - p l_])/p,_l (4.6)
and
i; = log(p, +dt)~  log (pM ) (4.7)
The first differences, , which is called absolute return, depends on the price units, so 
comparisons between series are difficult. They have the further disadvantage that their 
variances are proportional to the price level. Therefore, 4 and rt are the most
popular two price changes measure and they refer to simple net return and 
continuously compounded return in the literature, respectively.
One unit of money, invested in 1/p,./items at the price p t.\, is worth
ip t + dt V P/-i =1 + 6 = d' = 1 + 4 + + • • • (4.8)
when the price p t is recorded on day t. Thus is the one day rate of return obtained 
on the investment, whilst rt is the rate of return with continuous compounding; for exp 
(r,) is the limit of (1+77/72)” as 7? -> oo. We see from (4.8) that rt and are almost 
equal, since they are nearly always within the range -0.1 to 0,1. And those who have 
studied both find the important conclusions are the same for each type of return.
Though the simple net return is much illuminative and intuitive, it suffers from some 
drawbacks in empirical study. Mookeijee and Yu (1999) address the advantages of 
transforming the price series into logarithms. Firstly, the dependence of changes in 
stock prices on the price level of stock is eliminated; and second, the change in the log 
of stock prices produces continuously compounded yields.
4 .2 .3  T r a d in g  v o lu m e
Trading volume is the number of shares traded during a given period, for example 
during a specific trading day, for a security, a portfolio or an entire exchange. Trading 
volume is in somewhat extent of a measure of turnover of trading, thus some times it
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is also called turnover by volume. It is worth noting that turnover by volume is not the 
same variable as turnover by value. The latter is usually expressed in currency unit 
and abbreviated to ‘turnover’.
4.3 Adjustment of Trading Volume and Derivation of Abnormal 
Trading Volume Variables
As suggested by Tauchen & Pitts (1983), if the trading volume is significantly trended 
over the sample period, then the results of return variability-trading volume study can 
be very misleading. A sharp rise in the number of traders in the market can conceal 
most, and perhaps all of the relationship between the return volatility and trading 
volume. Regarding the MDH, the raw trading volume time-series usually 
characterised as non-stationary and serially-correlated, which may violates underlying 
assumption of the hypothesis. Therefore, preliminary adjustment in the raw trading 
volume data are widely applied, for example, Gallant et al (1992), Campbell et al 
(1993), Andersen (1996) and Lo and Wang (2000). A recent study of Wagner and 
Marsh (2005) proposes a more flexible filtering technique to capture stochastic trend, 
seasonality as well as linear dependence in trading volume. Their methods are in 
contrast to the previous studies in somewhat extent and much comprehensive.
Motivated by previous studies, tills study adopts the Hodrick-Prescott filter (the H-P 
filter hereafter), ARMA model and threshold method, derivate four trading volume 
variants with each contains its own information content. The derived variants of 
trading volume series may bring us chances of evaluating the relation between return 
volatility and trading volume from multiple perspectives, including the MDH theory, 
the information flow interpretation, and theories of market microstructure. By doing 
this, the econometric model specifications are extended in relevant ways.
4 .3 .1  T h e  H - P  F il te r :  r e m o v e  th e  m e n d  in  v o lu m e  s e r ie s  a n d  e s ta b l is h  th e  
a b n o r m a l  t r a d in g  v o lu m e  s e r ie s
The first concern of trading volume adjustment is the possibly existed stochastic trend. 
In order to remove the trend in raw volume series, we apply the widely used 
time-series smoothing method, the H-P filter which is first used in economics study 
by Hodrick & Prescott (1997). The H-P filter is a two-sided linear filter that computes 
the smoothed series v fp of variable vt by minimizing the variance of v, around v f ,
subject to a penalty that constrains the second difference of v f . That is, the H-P 
filter chooses v fp by
The penalty parameter tv controls the smoothness of the filtered series, the larger 
the n , the smoother the filtered series. As /r = co, vf*p approaches a linear trend. In 
this application, we specify the value of parameter by using the frequency power rule 
of Hodrick & Prescott (1997), which recommends the number of periods per year 
divided by 2, raised to a power, and multiplied by 1600. Chapter Appendix 4.A.2 
displays H-P filter for all the 40 volume series.
Taking the difference of raw volume series vt and the smoothed volume series vfp
yields a detrended volume series, which is referred to ‘abnormal volume\ The 
standardized detrended volume,
is the first volume valiant in application of this study.
4 .3 .2  T h e  A R IM A  m o d e l:  f i l t e r in g  u n c o r r e la te d  v o lu m e  s e r ie s  o r  e s ta b l is h  
th e  u n e x p e c te d  a b n o r m a l  v o lu m e
The second concern is the time-series dependence structure of the volume series. If 
the information arrives to the market randomly, it should not be significantly serial- 
correlated. And also the possibly irrational investor behaviour should display 
unpredictable phenomena. To test for this hypothesis, a variable of trading activity 
without serial correlation is needed.
The classic Box-Jenkins methodology is applied to vu series and suitable 
representations for each individual stock and index are justified. To consider the 
possible day-of-the-week effect, the seasonal component is added into ARMA model. 
Routine residual test ensures that all the results satisfy common requirements. 
Filtering the innovation series of the fitted ARMA model by deducting the predicted 
ARMA series from v„ yields a new series of approximately uncorrelated abnormal
volume, v3, which is denoted as ''unexpected abnormal volume\
v, -v ,HP
V (4.10)
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4 .3 .3  T h r e s h o ld  m e th o d :  F i l t e r in g  th e  a b o v e -a v e r a g e  v o lu m e
The threshold method is widely used in econometric analysis on stock market 
volatility. Among which, the threshold GARCH (TGARCH) model introduced 
independently by Glosten, Jaganathan & Runkle (1993) and Zakoian (1994) is the 
most widely cited methodology. As we have mentioned in the literature review 
chapter, the above average volume is more informative in the perspective of 
information flow interpretation and market microstructure theory. Since the volume 
series derived from previous two steps are detrended, standardized and filtered 
residual of ARMA model, their mean are 0. Their above average series can be 
obtained by
v2 ,= vi ,x I :  (4-ii)
and
v4 ,= v3,x l :>
where I f  is an indicator variable, which is set up by
1, i f  volume > 0 
0, otherwise
4 .3 .4  T h e  f o u r  v o lu m e  v a r ia n ts  u s e d  in  th is  s tu d y
Applying the above three methods, four* adjusted trading volume series are derived, 
namely the standardized abnormal volume (standardized detrended volume), the 
above average abnormal volume, the unexpected abnormal volume and the above 
average unexpected abnormal volume, denoted as vjt, v2t, v3, and v4(, respectively. 
These are the trading volume variants which are used in the following empirical 
analysis.
The four volume variants contain its own infonnation contents in the perspective of 
infonnation flow interpretation and market micro structure theory. The first .volume 
variant, vj is the standardized abnormal volume. We suppose this volume variant 
contains the whole infonnation set converted from the raw volume data, with 
adjustment to conform the requirement of conditions suggested by the literature (for 
example, Tauchen & Pitts, 1983; Fleming et al, 2006). The second volume variant, v2 
is the above average values of vj. The third volume variant, v3 is the filtered variant of
(4.12)
(4.13)
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vy by applying ARMA method. Removing the serially con-elated component from v/, 
v3 is actually the random innovation of ARMA process. The modified MDH theory 
suggests that trading is sometimes driven largely by the noisy private infonnation or 
in'ational trading behaviour. These trading activities should not be serially correlated, 
especially at the individual equity level. We suppose v? can capture the infonnation 
contents of these trading activities. v4 is the above average values of v3. Although half 
of the observations are cut off from the series, v2 and v4 may outperfonn their original 
volume vj and v?. This can provide evidence against the prediction of market 
micro structure literate that above-average volume contains more infonnation about 
the trading activity (Wagner & Marsh, 2005).
It is notable that v4 is called as ‘surprise volume ’ in Wagner and Marsh (2005), by 
which the authors obtained best VA-GARCH (1, 1) model fitting performance. 
However, this study produces four volume variants, while the number of volume 
variants adjusted out by Wagner and Marsh (2005) are six. It is demonstrated in the 
later chapters that these four volume variants are full of diversified information and 
sufficient for the empirical investigation on the volatility-volume dependence.
4.4 Extended Specification of VA-GARCH Model
4 .4 .1  T h e  b e n c h m a r k  v o la t i l i ty  m o d e l  w ith  p r ic e  l im it  d u m m y
Initially, a standard volatility model is considered. The GARCH (1,1) model is fitted 
to return series, which serves as a benchmark for this study. The model specification 
is
rt = p  + s(
s t = z , J f l ,  zt ~ i.i.d.N(0,l)
h, = g) + asf_ j + (3ht_x (4.14)
Which is simply the GARCH (1, 1) model first proposed by Bollerslev (1986). While 
the specification (4.14) is an adequate model for index return series, an important fact 
of individual equities is out of consideration, i.e. the ongoing daily price change limit 
in the Chinese stock market.
Volatility literature shows us contrary views on price change limit imposed in the 
stock market, typically in some Asian stock exchanges. The advocates (for example,
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Blume et al, 1989; Greenwald & Stein, 1991) claim that price limits decrease stock 
price volatility, counter overreaction, and do not interfere with trading activity. 
Conversely, price limit critics (for example, Fama, 1989; Kyle, 1988; Kuhn et al, 
1991; Lehmann, 1989) claim that price limits cause higher volatility levels on 
subsequent days (volatility spillover hypothesis), prevent prices from efficiently 
reaching their equilibrium level (delayed price discovery hypothesis), and interfere 
with trading due to limitations imposed by price limits (trading interference 
hypothesis). Empirical tests for the above three hypothesis by Kim & Rliee (1997) 
show evidence that price limits may be ineffective in Tokyo Stock Exchange.
Although the effectiveness of price change limits still await for further investigation 
and it seems not be easy to reach a widely agreed suggestion, its implication for the 
study of volatility-volume relation is roughly clear*. If price of an individual share 
reach the change limit its return volatility will be underestimated on that day and 
overestimated on the next trading day. Price change limit can also stop the transaction 
and lower the liquidity on the day and causes distorted volume increase on the next 
trading day. Thus, volatility persistence may be affected by the price change limit. To 
take this view into account, a more adequate conditional variance equation for 
Chinese individual stocks is
/?, -  co +  asf_j +  ph,_x + yd,, (4.15)
where dt = 1, when the share reach price limit on the specific day, and dt =0, otherwise. 
Equation (4.15) is an extension of the model (4.14) by entering a dummy variable into 
its conditional variance equation.
4 .4 .2  S p e c if ic a t io n  o f  th e  e x te n d e d  V A -G A R C H  ( 1 , 1 )  m o d e l
The dependence implication of the MDH framework can be tested by modelling the 
relation between the proxy variable of the directing process and measure of return 
volatility. If trading volume is related to the underlying directing process and the 
relation is linear* in the given range of observations, then there should be a significant 
correlation between the volume variable and return variability. These can be tested by 
applying the well documented GARCH methodology. Assuming volmne to be a 
weakly exogenous variable in sense of Engle et al (1983), Lamoureux & Lastrapes 
(1990) specification is extended to:
n = p + £ ,
£t = z,Jh) , zt ~ ia.d.N{0,l)
h, -co + aef_j + J3h,_x + yd, + Svu, (4.16)
where i= 1,2,3,4, denote the four variants of adjusted volume series. The dummy term 
does not apply for the context of index data.
4.5 The Component GARCH Model
The second methodology employed in this study is the two component GARCH 
model, which is first proposed by Engle & Lee (1993) and is abbreviated to CGARCH 
model in the literature. Fleming et al (2005) combine it with flexible EGARCH (1,1) 
model and augments it by volume series. Although their VA-EGARCH (1,1) model 
is inviting in investigating the relation of ARCH effects and trading volume, its 
implementation is quite computationally expensive and its complicated specification 
may cause difficulties in understanding the implications of estimated model results. 
This study proposes a more straightforward way of examining the relation of trading 
volume and the two components of GARCH, which is to simply regress the two 
decomposed GARCH series on the various volume variants obtained by using the 
methods presented in the third section of this chapter. The idea of decomposing 
GARCH into two components, a transitory component and a permanent component, 
therefore give us an opportunity to exercises our further investigation on the 
volatility-volume relations. This modelling strategy is in line with the results of 
previous studies which assert that squared return series is linearly correlated with 
volume because ARCH effects can be equivalently tested by the serially correlation in 
the square series of standardized detrended returns.
4 .5 .1  T h e  C G A R C H  ( 1 , 1 )  s p e c i f ic a tio n
The conditional variance in the GARCH (1,1) model,
h ,-W  + a(sf_x ~ao) + J3(h,_x -  a>) (4.17)
shows mean reversion to 57, which is a constant for all time. By contrast, the 
component model allows mean reversion to a varying level m, , modelled as:
- 6 6 -
h, - mt = o) + a(sf_x -a>)+ p(h,_x -  co)
(4.18)
mt = co + p(mf_} -o))+ <f>(s?_x -  h,_x)
Here h, is still the conditional volatility, while mt takes the place of co and is the 
time varying long run volatility. The first equation describes the transitory component, 
h, - in,, which converges to zero with powers of (a + p ) . The second equation
describes the long run component m( , which converges to co with powers of p . p  
is typically between 0.99 and 1 so that mt approaches co very slowly. It is possible 
to combine the transitory and permanent equations and write:
h, = ( \ - a -  p)(l -  p)co + (a + <f)s;_x -  (ap + (a + p)(f)s/_2
(4.19)
+ ( p -  (f>)ht_x -  (Pp - ( a  + p)(f)h,_2
which shows that the component model is a (nonlinear) restricted GARCH (2, 2) 
model.
Considering the ongoing daily price change limit in the Chinese stock market, a price 
dummy enters both permanent and transitory equations of the conditional volatility in 
C G A R C H  model. The C G A R C H  (1,1) model specification applied in this study is, 
therefore
rt = p  + s,
et ^ z tJh, , zt ~ LLd.N(0,l)
/71, =co + p(m,_x -oo) + (f){spx-h,_x)+yPd,
(4.20)
h, = 777, + a(s;_j -  777, ) +  p(h,_x -  m, ) + yTd,
where dt = 1, when the share reach price limit on the specific day, and d.( =0, otherwise. 
The two dummy terms do not apply for index data.
4 .5 .2  D e c o m p o s e  th e  tw o  G A R C H  c o m p o n e n ts
Once the parameters in entity (4.20) are estimated by data, a within sample predicted 
series can be estimated for each of GARCH per se, persistent component of GARCH 
and transitory component of GARCH. The latter two are estimated by
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GARCH P^  ~ D -+ ^  Z f t l  + (7 + « k 2 + f c  + + K .
& + P ~ P  (4.21)
GARC/f _T ,= ht -GARCH _P,
4 .5 .3  R e g r e s s in g  th e  tw o  G A R C H  c o m p o n e n ts  o n  v o lu m e  s e r ie s
Due to the various volume variable vj, v2, v3 and v4 contain different content in term 
of the information flow interpretation and market microstructure, the statistical 
properties of their relation with the two components of GARCH draw our interest 
extensively. Therefore, following linear regression can be used to model the relation 
between the two components of GARCH and various volume series:
GARCH _Tt = c + cpTvu + sTl (4.22)
GARCH _Pt -  c + (ppvu + sPt (4.23)
where i= 1, 2, 3, 4, stands for the four volume variants, c is constant term, and cpT 
and cpP are the regression coefficients.
By the way, a linear regression of predicted GARCH series upon various volume 
valiants may also be useful, at least for the purpose of comparison, which is
GARCH\ = c + cpGvit + sGt. (4.24)
4.6 The Stochastic Volatility Model
The third methodology employed in this study is the stochastic volatility (SV) model. 
The econometric analysis of SV model is typically accomplished using Markov Chain 
Monte Carlo (MCMC) simulation technique, which is computationally-intensive and 
challenge many econometrist until today (see, e.g., Chib et al 2002). Fleming & Kirby 
(2003) show, however, that it is often possible to obtain comparable results by 
applying the more tractable framework of Kalman filter. In addition, they provide a 
straightforward characterization of the relation between GARCH and SV models that 
is useful for illustrating the empirical implications of the modified MDH.
4 .6 .1  A  l in e a r  s ta te -s p a c e  r e p r e s e n ta t io n  o f  s to c h a s t ic  v o la t i l i ty  m o d e l  
Recall the bivariate stochastic volatility model of Andersen (1996),
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and
v, =r(ju + Act/  )+ r (/u + Act; zvl, (4.26)
where zrt is an independently and identically distributed (i.i.d) 77(0,1) standai'dized 
innovation, zvt is an i.i.d. standai'dized innovation such that v,|cr,2 - Po(jU + Acrf),
and zrt is independent of zvs for all t and 5. If we assume that the information flow is 
serially correlated, then equation (4.25) implies that r, is described by a stochastic 
autoregressive volatility (SARV) model.
Consider a model in which rt is generated by an one-factor SARV model of the form
rt =<rtzrl
(4.27)
erf =a) + <j>crf_x + yi]t
where zr/~N ID (0,l), ?j, is white noise with Var{?]t) = 1 -  (f2 and 77, is independent 
of zrs for all t and s. Without loss of generality, we can express the date t return 
variance as cr,2 = g + yat , where g -c o / i1 - 0 )  and at -  (j>a,_x + 77, . It follows,
therefore, that the dynamics of if  are governed by the system
a ,= 0a /_1+ 77, (4.28)
and
7y = g  + yct,+st (4.29)
where st =(g + ya^zf - 1) is white noise with Varfc) = 2(q2 + y 2) . It is easy to 
verify that, under our maintained assumptions,
Cov(sn7/s) = Cov(snas) = 0 Vt,s (4.30)
and
Cov(?]n as) = Cov(?/t,r;)-C ov(£n rf)=Q \ / t > s .  (4.31)
Therefore, the system in equation (4.28) and (4.29) constitutes a linear state-space 
representation. By recasting the SARV process as a dynamic latent factor model for
r, = cr,zrt (4 .25 )
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the squared demeaned returns, we obtain a specification that allows estimation and 
inference using the Kalman filter.
4 .6 .2  S to c h a s t ic  v o la t i l i ty  a n d  A R C H  e ffe c ts
The most common use of the Kalman filter is to construct MMS (minimum mean 
square) linear forecasts of the state of the process based on past observables. For the 
system in equation (4.28) and (4.29), the filter delivers MMS linear forecasts of a,+] 
given \ i f r f  } for t= l,2 ,..., T. These in turn imply MMS linear forecasts of
for t = l , 2 , T .  The date t forecast of <rft i , which we denote by 0 + , ,  is given
by
+ ,  = ?  + 4 + 1  - ? ) +  r L ?  -  + , ) >  (4.32)
where Kt is the filter gain. We can also express this forecast as
+ ,  = <0 + A + ,  + a,r,2. (4.33)
where p, =<f>- yKt and a, = yKt .
The time variation in the coefficients in equation (4.33) reflects the absence of an 
observed history when we initialize the filter at time 7=0. For a covariance stationary 
process, these coefficients quickly converge to constants as t increases and we 
approach steady state. In steady state, the variance forecasts produced by the Kalman 
filter have the same recursive structure as the conditional variance in a GARCH (1,1) 
model. Thus, by applying linear filtering techniques, we uncover a simple relation 
between SARV dynamics, infonnation flow persistence, and ARCH effects in returns. 
Specifically, if we assume that cr] conform an AR (1) process, then our MMS linear
forecasts of cr] display the same persistence as the information flow, and these
forecasts take the same form as the conditional variances implied by the most widely 
used GARCH model.
4 .6 .3  T h e  T w o -F a c to r  S A R V  S p e c i f ic a t io n  f o r  R e tu r n s
The close link between the persistence in the GARCH conditional variances and the 
persistence in the information flow is problematic from an empirical perspective. 
Although it is natural to expect some serial correlation in information arrivals, it is
difficult to conjecture plausible scenarios that would generate same level of 
persistence. To break the link between the persistence in variance forecasts and the 
persistence in the information flow, we must consider models that generate more
complex dynamics for 0 7 . A natural way of doing this is to consider multifactor 
SARV models.
Let Q, denote the date t infonnation set. Without loss of generality, we can 
decompose af  as
af -  h, + pbt , (4.34)
where ht = E{af\Qt_l) denotes the conditional variance and bt is a white noise 
innovation such that Var (bt) =1. This decomposition suggests that we could treat the 
expected and unexpected components of af  as uncorrelated latent factors. Suppose,
for example, that we write the conditional variance as hf = g  + ya, and again assume 
than a, follows an AR (1) process. In this case, we obtain a linear state-space 
representation for rf of the form
a, +?]al (4.35)
bt =?hl (4.36)
rf = g  + ya,+pbt + s t (4.37)
where Var(rjat) = 1 - <jr,Var(f}hl) = 1, and Var(s,) = l(g2 + y 2 + p 2). This two-factor 
specification implies that af  displays ARMA (1, 1) dynamics. Consequently, the
model can accommodate strong persistence in the conditional variances without 
requiring strong persistence in the daily information flow.
4 .6 .4  T h e  T w o -F a c to r  S A R V  S p e c if ic a t io n  f o r  R e tu r n s  a n d  V o lu m e  
We now incorporate the implication of equation (4.26), which we previously ignored. 
Let s vl = t{ju + Xaf f~ zvt denote the innovation to detrended trading volume. Under
our two-factor model, the dynamics of ?  and v, are governed by a system of the 
foiin
a, = +?7«, (4.38)
b,=i7» (4.39)
N = S r + r ra < + P A + Srl (4.40)
and
v , = ? v + r A + M +ff« (4-41)
where gv = r (p  + Xgr), y v =rJlyr> p v = rXpT, Var (?]al ) = l - ? 9 Var (ijht)= 1, Var 
( £*„ )=2( g; + y 2 + P i )> and Vai* ( £*v/ )= t 2 (p + Xgv). Since svt is white noise with
Cov (s vt, rjas )=Cov (e vl, as )=Cov( , i]hs )=Co v (£vf,bs)=0 V t,s  (4.42)
and
Cov ( £v, ,rj )=Cov ( s vl, v,)=0 V t>s (4.43)
We can easily verify that this system constitutes a linear state-space representation.
4 .6 .5  T h e  T h r e e -F a c to r  S A R V  S p e c if ic a t io n  f o r  R e tu r n s  a n d  V o lum e
Although we have gained some flexibility over the models used in previous research, 
our two-factor model may still be too restrictive to adequately capture the dynamics of 
volume and volatility. As an alternative, we consider a three factor specification of the 
form
(4.44)
b, = ’h, (4.45)
c, (4.46)
4  = SV + T A  + P + + e„(4.47)
v, = g , + r ra ,+ p ,b ,+ e „ (4.48)
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where rjat, i]h! and tjc1 are mutually uncorrelated white-noise innovations. By
including the third factor, ch we allow for a persistent component of volatility that is 
linearly urn-elated to the persistent component of volume. This three-factor 
specification is actually a generalization of the two two-factor model.
This Three-factors SARV specification is motivated with either of two arguments. 
First, the third factor could be viewed as an ad hoc addition to the two-factor model. 
From this perspective, a statistically significant estimate of £ would provide 
evidence against the modified MDH. Alternatively, we could view the third factor as 
an additional component of the information flow: a persistent stream of public news 
that causes prices to change without any trading. From this perspective, the model is 
consistent with a generalized version of the modified MDH that incorporate both 
public and private information arrivals. As a matter of convenience, we follow 
previous research and adopt the first perspective when discussing the empirical results. 
However, whether we view the model as consistent or inconsistent with the MDH, it 
does shed light on the relation between ARCH effect and trading volume: if adding 
the third factor improves the performance of the model, then we would conclude that 
daily squared returns capture a persistent component of volatility that is not captured 
by volume. In other words, ARCH effects remain after accounting for trading volume.
4.7 Statistical Properties of the Data
Before the above proposed econometric models are fitted to data, a preliminary study 
on the statistical properties of return series and volume series will help us to get a 
basic idea about the data that we are going to use. Our major concern on the return 
series is its distributional property, especially its kurtosis and serial correlation in level 
and squared series. Regarding the volume series, we are interested in the statistical 
property of stationarity and serial correlation in the various volume series derived by 
applying the volume adjustment methods presented in section 4.3.
4 .7.1 D e s c r ip t iv e  s ta t is t ic s  f o r  th e  r e tu r n  s e r ie s
In order to get a basic idea about the statistical properties relevant to our following 
studies, mean, standard deviation, skewness, kurtosis, Jarque-Bera statistic for testing 
for normality, ADF statistic for testing for stationarity, Ljung-Box statistic for testing 
for serial correlation to 5 lags of level return series (Qi(5)) and squared return series
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Table 4.2 shows the descriptive statistics for the daily return series of the six indices. 
The six indices display moderate level daily average return, but lower unconditional 
volatility level comparing to individual shares. All of them are not normally 
distributed. However, their skewness and kurtosis measures are subsumed, comparing 
to individual shares. One striking observation of index data is that B-share index of 
both Shanghai and Shenzhen exchanges are positively skewed, while A-share indices 
and aggregate market indices are negatively skewed for both markets. ADF statistics 
show that all the six return series are stationary time series. Ljung-Box statistics show 
that return series of SHAI and SHCI are not serially correlated, while other four 
indices are serially correlated to lags 5 at 5% significance level. The same statistics 
for squared return series, however show that none of the six indices accept the null 
hypothesis, indicating the existence of serial dependence at a very high significance 
level, 1%00, which implies the existence of the ARCH effects in the return series.
Table 4.2 Descriptive statistics for the return series of indices
(Q 2(5)) are estim ated fo r each re tu rn  series. R eturn  series are ca lcu lated  by using
continuously  com pounded re turn  fo n n u la  (4.7).
M e a n  S t d .  D e v .  5  k  J a r q u e - B e r a  A D F  Q i ( 5 )  Q 2( 5 )
S H A I  0 . 0 0 0 5  0 . 0 1 5 4  - 0 . 1 0 4 7  8 . 6 9 0 6
S H B 1  0 . 0 0 0 4  0 . 0 2 3 3  0 . 3 1 6 0  6 . 5 8 6 4
S H C I  0 . 0 0 0 5  0 . 0 1 5 3  - 0 . 0 6 5 1  8 . 4 3 0 5
S Z A I  0 . 0 0 0 4  0 . 0 1 6 5  - 0 . 3 5 5 1  8 . 3 8 2 3
S Z B I  0 . 0 0 0 5  0 . 0 2 3 1  0 . 3 2 0 0  6 . 8 4 1 5
S Z C I  0 . 0 0 0 4  0 . 0 1 6 9  - 0 . 0 3 4 9  8 . 0 1 3 4
3 3 2 2 . 3 6 0 0 - 4 9 . 9 9 7 5 9 . 9 5 7 1 1 9 5 . 9 8 0 5
( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 7 6 5 ) ( 0 . 0 0 0 0 )
1 3 5 2 . 6 8 5 0 - 4 4 . 1 9 0 4 4 4 . 9 8 3 3 4 7 1 . 8 2 1 8
( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 )  ( 0 . 0 0 0 0 )
3 0 1 4 . 6 4 4 0 - 4 9 . 7 5 1 9 1 0 . 5 8 9 9 1 9 5 . 0 7 3 3
( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 6 0 1 )  ( 0 . 0 0 0 0 )
3 0 1 9 . 8 3 6 0 - 4 8 . 9 6 4 9 1 3 . 6 2 3 2 2 7 1 . 4 1 3 3
( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 1 8 2 )  ( 0 . 0 0 0 0 )
1 5 3 0 . 5 8 0 0 - 2 5 . 2 8 5 0 6 1 . 7 4 4 0 6 5 5 . 8 2 6 7
( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 )
2 5 7 3 . 6 0 7 0 - 4 7 . 9 6 8 1 1 3 . 7 4 2 6 2 5 3 . 0 8 8 9
( 0 . 0 0 0 0 ) ( 0 . 0 0 0 0 ) ( 0 . 0 1 7 3 ) ( 0 . 0 0 0 0 )
N o t e :  N u m b e r s  i n  p a r e n t h e s i s  a r e  t h e  ^ - v a l u e s  f o r  c o r r e s p o n d i n g  t e s t  s t a t i s t i c s .
Table 4.3 displays the estimates of descriptive statistics for the sample individual 
equities. Compare to table 4.2, individual equities show us a much impressive and 
sharp picture. Daily average return for the individual shares are all non-negative, rang 
from 0.0000 to 0.0011, except for SCE, which displays a negative daily average return 
of -0.0002. Compare to the low daily average returns, the measure of its daily 
dispersion, standard deviations are much high, ranging from 0.0239 to 0.0346. 
Inter-group difference appears firstly in standard deviation. Its estimates of group Al 
are generally higher than group A2, and of group BI are generally higher than group 
B2. This observation indicates that individual shares with higher turnover velocity or 
smaller market capitalization possess higher unconditional volatility. This is 
consistent with experiences of investors in the Chinese stock market that market 
manipulators usually target on shares with small market capitalization and high 
turnover velocity, thus make these shares more volatile. Distributional statistics 
indicate that the distributions of all individual stocks are skewed and leptokurtic. They 
are far from normal, with the marginal significance level of Jarque-Bera statistics are 
all less than 0.0000. Inter-group difference again appears in term of the skewness 
statistic. The group of shares with highest turnover velocity exhibit 7 negative 
skewness statistics in the total of 10, while the group of share with lowest turnover 
velocity possess only 2 negative skewness statistics in the same group size. Similarly, 
group BI have more number of shares with negative skewness than group B2. The 
positively skewed equity return is obviously a contrary phenomenon against the very 
common negatively skewed distribution of the western mature stock markets, which is 
frequently documented in the literature. The ADF statistics indicate that all the returns 
of individual shares are free of unit root, i.e. they are stationary in terms of mean and 
variance. The Ljung-Box portmanteau O statistic for return per se in group A l, A2 
and BI shows that return series are generally serially correlated, while 7 shares of 
group B2 display non serial correlation at 5% significance level. Ljung-Box Q 
statistics for squared return series are generally serially correlated, except for shares 
SJG, FEN, PAN, SLS and SRB. Since serial correlation in squared return serves as 
indicator of volatility clustering and persistence, which is actually equivalent to 
ARCH LM test, these shares draw special attention in subsequent empirical 
investigation.
Table 4.3 Descriptive statistics for the return series of individual equities
Mean Std. D ev s k Jarque-Bera ADF Q i(5) Qa(5)
G r o u p A l
CYT 0.0007 0.0340 -0.5475 9.6082 3514.58 (0.000) -36.68 (0.000) 58.96 (0.000) 100.24 (0.000)
GCB 0.0002 0.0299 -0.0057 4.5505 221.59 (0.000) -46.92 (0.000) 6.46 (0.264) 2 5 5 .17 (0 .000 )
KGI 0.0002 0.0278 0.2391 5.1197 475.73 (0.000) -37.05 (0.000) 10 .16(0 .071) 178.12 (0.000)
KMC 0.0005 0.0343 1.2354 17.6740 21875.42 (0.000) -47.81 (0.000) 5.79 (0.328) 16.22 (0.006)
SEA 0.0006 0.0297 -0.0422 5.9237 8 5 5 .50 (0 .000 ) -47.86 (0.000) 17.74 (0.003) 312.33 (0.000)
SEL 0.0003 0.0346 -1.3818 22.5909 30385.52 (0.000) -37.13 (0.000) 47.67 (0.000) 23.30 (0.000)
SHC 0.0000 0.0309 -0.0726 4.7727 320.31 (0.000) -46.75 (0.000) 17.31 (0.004) 297.32 (0.000)
SJG 0.0003 0.0289 4.2146 91.0028 740523.60 (0.000) -43.13 (0.000) 26.42 (0.000) 1.090 (0.955)
STB 0.0005 0.0302 -0.3591 10.1833 4777.25 (0 .000) -45.77 (0.000) 2 5 .1 2 (0 .0 0 0 ) 65.44 (0.000)
SYP 0.0004 0.0309 -0.3417 10.6485 5459.30 (0.000) -46.35 (0.000) 14.41 (0.013) 54.59 (0.000)
G r o u p A 2
CCA 0.0003 0.0270 0.0632 5.3513 532.75 (0.000) -45.51 (0.000) 17.85 (0.003) 197 .17(0 .000)
FEN 0.0007 0.0303 1.7869 35.2598 105698.10 (0.000) -47.54 (0.000) 4.79 (0.444) 0.88 (0.972)
LUY 0.0002 0.0273 0.3050 6.4154 1174.62 (0.000) -44.84 (0.000) 35.69 (0.000) 4 8 1 .22 (0 .000 )
PAN 0.0002 0.0258 -1.4290 25.8212 50935.91 (0.000) -48.55 (0.000) 10.81 (0.055) 7.79 (0.169)
SHI 0.0006 0.0239 0.1343 8.0917 2598.70 (0.000) -35.69 (0.000) 12.40 (0.030) 315.55 (0.000)
TNM 0.0011 0.0261 0.3349 6.7220 1433.79 (0.000) -47.47 (0.000) 19.80 (0.001) 473.74 (0.000)
TOP 0.0004 0.0259 -0.5253 13.6092 11451.15 (0.000) -49.81 (0.000) 5.08 (0.406) 49.73 (0.000)
Y NB 0.0010 0.0255 0.3307 5.9953 917.01 (0.000) -45.28 (0.000) 12.72 (0.026) 320.37 (0.000)
Y N X 0.0002 0.0250 0.0960 6.0806 955.87 (0.000) -36.88 (0.000) 14,33 (0.014) 229.38 (0.000)
ZIB 0.0005 0.0257 0.1436 5.4852 600.31 (0.000) -48.04 (0.000) 3.94 (0.558) 183.03 (0.000)
T a b le  4.3 D escrip tive statistics for the  re tu rn  series o f  individual equities (continued)
M e a n S td .  D e v s k J a r q u e - B e r a A D F Q i(5) 02(5)
G r o u t )  B I
S E L 0.0003 0.0346 -1.3818 22.5909 30385.52 (0.000) -37.13 (0.000) 47.67 (0.000) 23.30 (0.003)
S F F 0.0003 0.0260 0.0760 5.8626 822.08 (0.000) -45.55 (0.000) 14 .36(0 .014) 241 .8 4 (0 .0 0 0 )
S H C 0.0000 0.0309 -0.0726 4.7727 320.31 (0.000) -46.75 (0.000) 17.31 (0.004) 297.32 (0.000)
S H D 0.0000 0.0262 0.1801 5.4916 636.16 (0.000) -49.06 (0.000) 7 .1 4 (0 .2 1 0 ) 292.94 (0.000)
S J G 0.0003 0.0289 4.2146 91.0028 740523.60 (0.000) -43.13 (0.000) 26.42 (0.000) 1.09 (0.955)
S L S 0.0004 0.0346 6.3173 146.7123 1861883.00 (0.000) -4 5 .16 (0 .000 ) 8 .1 2 (0 .1 5 0 ) 0.35 (0.997)
S R B 0.0002 0.0305 -1.0441 24.6610 46961.39 (0.000) -45.39 (0.000) 19.69 (0.001) 10.70 (0.058)
S T B 0.0005 0.0302 -0.3591 10.1833 4777.25 (0.000) -45.77 (0.000) 25.15 (0.000) 65.44 (0.000)
S V O 0.0001 0.0326 -0.3968 9.8680 472 4 .1 7 (0 .0 0 0 ) -47.54 (0.000) 9.986 (0.076) 72.113 (0.000)
S Y P 0.0004 0.0309 -0.3417 10.6485 5459.303 (0.000) -46.35 (0.000) 14.41 (0.013) 54.59 (0.000)
G r o u o  B 2
D E V 0.0003 0.0234 0.6459 7.0045 1769.03 (0.000) -46.00 (0.000) 12.94 (0.024) 445.75 (0.000)
J Y G 0.0009 0.0255 -1.1395 26.0956 54129.59 (0.000) -51 .22 (0 .000 ) 8.75 (0.120) 15.78 (0.008)
K G D 0.0005 0.0230 0.4497 7.2570 1867.09 (0.000) -46.68 (0.000) 9 .1 7 (0 .1 0 3 ) 291.45 (0.000)
P A N 0.0002 0.0258 -1.4290 25.8212 50935.91 (0.000) -48.55 (0.000) 10.81 (0.055) 7.79 (0.169)
S C E -0.0002 0.0243 0.0140 9.2572 3908.84 (0.000) -46.00 (0.000) 14 .15(0 .015) 99.71 (0.000)
S N N 0.0003 0.0242 -0.1069 11.1594 6676.06 (0.000) -50.94 (0.000) 14.67 (0.012) 47.25 (0.000)
S O P 0.0007 0.0278 0.9567 13.2529 10982.50 (0.000) -48.72 (0.000) 5.28 (0.383) 85.33 (0.000)
S S I 0.0003 0.0273 0.2599 5.3403 583.56 (0.000) -5 1 .17 (0 .000 ) 6.43 (0.267) 3 1 5 .29 (0 .000 )
S Y I 0.0008 0.0287 0.3317 5.3910 622.64 (0.000) -48.40 (0.000) 1 .37(0 .928) 733.11 (0.000)
V A N 0.0010 0.0257 0.2120 5.9230 873.83 (0.000) -49.40 (0.000) 1.83 (0.872) 282.98 (0.000)
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In order to illustrate statistical properties of the return and squared return series, a line 
graph of the alphabetically first equity CCA and most widely cited Chinese stock 
index SHCI are plotted in figure 4.1 panel A and B, respectively.
Figure 4.IA Return and squared return of CCA
Return  Squared return
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F ig u re  4 .IB  R etu rn  and squared re turn  o f  SH CI
4 .7 .2  S ta tio n a r ity  a n d  s e r ia l  c o r r e la tio n  in  v a r io u s  v o lu m e  s e r ie s
Trading volume adjustment methods addressed in the section 4.3 are applied to the 
data set. As a partial demonstration, Chapter Appendix 4.A.2 plots the 
Hodrick-Prescott filter for the volumes of all equities and indices, in which the raw 
volume series, its trend and cycle are displayed.
Two major issues are concerned with, i.e. its statistical properties of stationarity and 
serial correlation. Table 4.4 and 4.5 exhibit test statistics for the four adjusted volume 
series, v/, v2, v?, v4, as well as the raw volume series, vq of index data and individual 
equity data, respectively . Numbers in the parenthesis under or beside the ADF 
statistics are the MacKinnon (1996) one-sided p-values. Q(5) is Ljung-Box 
portmanteau O statistic up to 5th lags, with corresponding p-values in underneath or 
right side parenthesis.
Table 4.4 Statistics of testing for unit roots and serial correlations in volume series of
indices
v0 V/ v2 Vi V/
ADF Q(5) ADF Q(5) ADF Q(5) ADF Q(5) ADF Q(5)
SHAI
-1.25
(0.899)
9899.59
(0.000)
-8.29
(0.000)
5028.23
(0.000)
-9.18
(0.000)
4823.59
(0.000)
-49.28
(0.000)
0.71
(0.982)
-19.87
(0.000)
271.03
(0.000)
SHBI
-5.48
(0.000)
7204.19
(0.000)
-9.08
(0.000)
3836.43
(0.000)
-7.65
(0.000)
3379.06
(0.000)
-11.98
(0.000)
5.43
(0.366)
-8.23
(0.000)
163.34
(0.000)
SHCI
-1.42 9857.08 -8.23 5297.11 -13.94 4942.77 -49.19 0.73 -19.91 259.85
(0.853) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.981) (0.000) (0.000)
SZAI
-2.49
(0.330)
9662.76
(0.000)
-9.21
(0.000)
6126.70
(0.000)
-12.92
(0.000)
5412.12
(0.000)
-49.42
(0.000)
0.15
( 1.000)
-18.82
(0.000)
319.58
(0.000)
SZBI
-7.85
(0.000)
7688.09
(0.000)
-10.44
(0.000)
5741.68
(0.000)
-9.68
(0.000)
5633.45
(0.000)
-49.64
(0.000)
6.99
(0.221)
-9.39
(0.000)
70.74
(0.000)
SZCI
-3.87
(0.013)
9027.89
(0.000)
-9.79
(0.000)
5206.28
(0.000)
-13.24
(0.000)
4299.86
(0.000)
-49.23
(0.000)
0.41
(0.995)
-19.29
(0.000)
219.11
(0.000)
Table 4.4 shows that SHAI, SHCI and SZAI exhibit unit root in their raw volume 
series, while the raw volume series of SHBI, SZBI and SZCI and all the four adjusted 
volume series, v/, v2, vj, and v4 of all the six indices are stationary series. These testing 
statistics are consistent with the fact of the rapid expansion of the Chinese stock 
market in sample covering period. The raw volumes corresponding to composite price
indices—except the component index, SZCI—normally have a strong growth trend, 
which is justified by ADF test statistics. However, the two B share indices, SHBI and 
SZBI do not have unit roots, they are originally stationary. The portmanteau Q 
statistics show that for all the six indices, volume variable v0> vj, v2 and v4 are serially 
correlated at high significance level, 1 %00, while none of the volume series v? exhibit 
serial correlation.
In Table 4.5, however, standard statistical test indicate that there are 110 unit roots in 
raw volume series of most of the sample equities, but FEN, JYG, SNN and TNM. 
None of the adjusted volume series has been found existence of unit roots for all the 
equities, indicating they are stationary. Q statistics show that for all equities, volume 
variable v0> vj, v2 and v4 are serially con-elated at high significance level, 1 %00, while 
none of the volume series v3 exhibit serial correlation.
Figure 4.2 plots the various volume series, v& vj, v2, v3 and v4 for an individual equity, 
CCA, and an index, SHCI, as example.
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C h a p t e r  A p p e n d i x
4. A . 1 S a m p le  a n d  D a ta
T ab le  4.6 D etails o f  sam ple indices and stocks
S y m b o l  C o m p a n y / I n d e x  N a m e  D S  c o d e  L o c a l  c o d e  G r o u p  T
SHAI Shanghai SE A Share Index CHSASHR 000002 Index 2460
SHBI Shanghai SE B Share Index CHSBSHR 000003 Index 2449
SHCI Shanghai SE Composite Index CHSCOMP 000001 Index 2453
SZAI Shenzhen SE A Share Index CHZASHR 399002 Index 2460
SZBI Shenzhen SE B Share Index CHZBSHR 399003 Index 2423
SZC1 Shenzhen SE Component Index N /A 399001 Index 2458
CCA Chongqing Changan Autrnb. 890605 000625 A 2 2306
CYT Chongqing Titanium Ind. 141232 000515 A l 1881
DEV Shn.Dev. Bank 141353 000001 B2 2399
FEN Fenshua Adv.Tech.Hdg. 887556 000636 A 2 2409
GCB Gansu Jingyuan Coal & Elec. 141196 000552 A l 2213
JYG Jilin Yatai Group 865298 600881 B2 2413
KGD Guangdong M eiyan Hypw. 143884 600868 B 2 2368
KGI Sinopec Y izheng Chm. Fibre 143887 600871 A l 2419
KMC Jiaoda Kunj i Hi-T ech 141133 600806 A l 2372
LUY Luyin Inv.Gp. 887637 600784 A 2 2343
PAN Panzhihhua New Stl. 887491 000629 A2/B2 2312
Symbol Company/Index Name DS code Local code Group T
SCE Sichuan Changhong 143855 600839 B2 2397
SEA Shanghai Pwr.Tnsm. 141271 600627 A l 2401
SEL Shai.Whitecat Sharehold 141277 600633 A l /B l  1864
SFF
SHC
SHD
Shai.Tongda V etC ap. 
Shn.Capstone Indl. 
Shai.D iesel Engine
141262
362228
143857
600647 BI 2402
000038 A l/B l  2431
600841 B I 2410
SHI Shai.Haixin Gp. 143867 600851 A2 2400
SJG Huda Tech. & Ed. Dev. 865793 600892 A l/B l  2275
SLS Shanghai Lian Hua Fibre 141289 600617 B I 2148
SNN Shenergy 141171 600642 B 2 2406
SOP Shai.Orntl.Pearl 143848 600832 B 2 2424
SRB Shai.Dingli Tech.Dev.Gp. 141297 600614 B I 2381
SSI Shanghai Shenhua Hdg. 141267 600653 B2 2438
STB Shai.Baosight Software 143861 600845 A l/B l  2201
SVO Shn.Vct.Onward Tex. 141335 000018 B I 2373
SYI Founder Tech.Gp. 141299 600601 B2 2428
SYP Shai.W ingsung Data Tech. 141296 600613 A l/B l  2223
TNM Tianjin Teda 887554 000652 A2 2407
TOP Top Energy 887562 600780 A2 2419
Symbol Company/Index Name DS code Local code Group T
V A N  China Vanke 141354 000002 B 2 2405
Y NB Jilin Aodong Mdcin. 887407 000623 A 2 2340
Y N X  Yantai Xinchao Ind. 887494 600777 A2 2409
ZIB Shandong Jinling Mng. 887553 000655 A 2 2303
N o te : A l is the group o f  individual shares with highest turnover velocity, w hile A 2 the individual 
shares with low est turnover velocity. B I is the group o f  individual shares with smallest market 
capitalization, w hile B2 the individual shares with largest market capitalization.
T  is the number o f  observations.
4 .A .2  L in e  G r a p h s  o f  th e  H - P  f i l t e r  f o r  th e  4 0  s a m p le  v o lu m e  s e r ie s
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Chapter 5 ARCH Effects and Trading Volume
5.1 Introduction
The VA-GARCH (1, 1) model has long been studied by financial econometrists. Its 
straightforward intuition and tractability draw much interest of the researchers in 
empirical finance. However, its ambiguous aspects and conflicting results addressed 
in previous studies make the research on volatility-volume relation much complicate 
and difficult. In order to clarify these ambiguous issues and thus understand the 
reasons of the conflicting results to a reasonable extent, this chapter revisit the 
VA-GARCH (1,1) model in the context of the Chinese stock market. This will set a 
starting point for further empirical investigation and form the first part of this 
empirical study.
The main hypothesis of this chapter is that whether and to what extent the 
VA-GARCH (1,1) model can capture the volatility dynamics of stock market. This is 
actually going to test that whether trading volume can explain ARCH effects, within 
the MDH framework. To cany out tills work, it is adopted a strategy of empirical 
investigation that is to examine the difference of VA-GARCH (1, 1) model in 
performance and diagnostics between: (1) model specifications using different volume 
variants, which have divisions in infonnation contents; (2) market-wide study and 
specific company level study, which compare the volatility-volume relation among 
different scopes; (3) contrast equity groups, which differ in the level of trading 
activity. Thus, many financial and econometric issues are involved.
In this chapter, the specification of VA-GARCH (1,1) model is substantially extended 
and these extensions also make opportunities to justify the impact of the two 
suspicious specification problems — the simultaneity bias in parameter estimation and 
the unrecognized constraint on parameter estimates — and to evaluate the possibility 
that the serial dependence in daily trading volume subsumes the ARCH effects thus 
takes place of daily number of transaction.
5.2 Estimation Results for the Benchmark Volatility Model
The computing programme used for the model estimations of this study is EViews 5. 
Before presenting and analysing the estimation results of VA-GRACH (1, 1) model, 
estimates and diagnostics of the standard GARCH (1,1) model for each return series
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are presented in this section. This will help us to establish a basic picture about the 
volatility dynamics of each index and equity involved in succeeding investigations, 
thus serves as a benchmark for the whole study. For the purpose of comparison and 
evaluating the effect of price change dummy, both equation (4.14) and (4.15) are 
fitted to individual equity data. Model estimation is based upon the quasi maximum 
likelihood (QLM) methodology. Derivations from normality in the noise terms are 
accounted for by using the Bollerslev and Wooldridge (1992) approach, which yields 
robust standard errors of parameter estimates.
5 .2 .1  T h e  b e n c h m a r k  v o la t i l i ty  m o d e l  f o r  in d ic e s  r e tu rn s  
Table 5.1 reports the estimation results and diagnostic statistics of conditional 
variance equation for index returns. To save space, estimates for the mean equations 
are omitted, which actually do not affect our main prediction of modelling. It turns out 
that the three parameters are statistically significant for all the six indices, especially 
the estimates of a  and /? are significant at very high level. The two B-shares indices 
exhibit larger a  estimates but smaller (1 estimates than A-share indices. /? estimate for 
SHBI and SZBI are 0.763 and 0.711, while for SHAI and SZAI are 0.855 and 0.880, 
respectively. These results indicate that B-shares have shorter volatility clustering or 
lower level serial dependence in conditional variance than A-shares. This is further 
confirmed by the estimates of their lower volatility persistence measure than A-share 
index and aggregate market price index, a+fi of SHBI is 0.959 while of SHAI and 
SHCI are 0.979 and 0.978, of SZBI is 0.904 while of SZAI and SZCI are 0.985 and 
0.983, respectively. After the columns of parameter estimates, the statistics about 
overall empirical fit of the model specification to the data are presented, i.e . values the 
classical Akaike infonnation criterion (AIC)11 and quasi maximum likelihood.
The diagnostic statistics presented in the last five columns of the table are estimated 
using the standard residual series of the model, which provide further infonnation of 
how well the model captures volatility clustering and fat-tailedness. Compare to table
4.2, the kurtosis estimates are reduced for all the six indices. None of the six indices 
can reject the null hypothesis of no ARCH effect in the standardised residual series up 
to lags 20. Thus it is justified that the standard GARCH (1,1) model can well capture 
the volatility dynamics in the six index return series.
11 AIC  =  -  211/T  + 2 k /T , where 11 is the log likelihood, given by // =  ( -  r /2 ) ( l  + ln(2?r) + In(e 's/T ) ) .
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5 .2 .2  T h e  b e n c h m a r k  v o la t i l i ty  m o d e l  f o r  in d iv id u a l  e q u it ie s
Table 5.2 exhibits the estimation results of benchmark volatility model for the sample 
equities, being organized and presented in contrast groups. Two model specifications 
are estimated for each stock, GARCH (1, 1) model without and with price change 
dummy, i.e. equation (4.14) and (4.15). This will also make an opportunity to 
evaluate the effects of price dummy in the model.
The literature usually report that, for the context of individual equities, the estimate 
for a  is typically less than 0.1, the estimate for (3 is typically greater than 0.8, and 
the standard errors typically imply 7-ratios greater than two — the p-value smaller 
than 5% under normal distribution, for example, Kim & Kon (1994), Fleming et al 
(2006). Estimation results for our sample stocks from the Chinese stock markets are 
generally consistent with previous studies but with some odds, a  estimates of SJG, 
SLS and SRB are around 0.4, while their /? estimates are around 0.6. Recalling the 
results of portmanteau Q test on squared returns series presented in table 4.3, these 
three equities are three of the five equities that have been verified to be not serially 
correlated in their squared return series to 5 lags, i.e. they originally do not appear 
ARCH effects to 5 lags in their returns evolution process.
The middle columns of table 5.2 display the infonnation criterion (AIC), maximised 
quasi log likelihood (//), ARCH persistence measure (a+fi) and the distributional 
properties of the standard residual series of the model. These statistics will serve as 
comparison benchmark in the succeeding sections and chapters. Here, we can 
compare the values of kurtosis presented in table 5.2 with the original kurtosis 
statistics of return series presented in table 4.3. This can help to evaluate how well the 
standard GARCH (1,1) model works in explaining fat-tailedness. It is easy to find 
that kurtosis values of standard residual series of GARCH (1,1) model are reduced 
from the original return series for most of the sample stocks, but with a few odds. 
These un-reduced sample stocks are KGI of group A l, FEN, TNM and TOP of group 
A2, ANN and SOP of group B2. Some of these stocks display the non-reduction at 
one of the two model specifications, others displaying it at both.
To evaluate the performance of the price dummy, we can compare the parameter 
estimates and the values of AIC, 11 and k between the two model specifications of
each stock. It is evident in table 5.2 that the estimates of p  and thus the persistence 
measure, a+/?s are reduced dramatically after the dummy entering the model, 
especially for equities which constitute Group Al and BI. The price limit dummy is a 
significant explanatory variable in the conditional variance equation for all the sample 
equities, with only two exceptions, PAN and SLS, for which the dummy is 
statistically insignificant at 5% level. The values of AIC, 11 and k are also changed 
substantially for most of the sample stocks when the dummy entering, indicating 
improvements of model performance. These results show that the high level volatility 
persistence in the Chinese stock markets can be partially explained by the ongoing 
price change limit. The explaining power of this dummy also exhibit group difference, 
which is much strong in group Al than in group A2, and in group BI than in group 
B2.
Finally, an important issue needs to be addressed, i.e. the result of ARCH LM test on 
the standardised residuals of the model. ARCH LM test on the standardised residual 
series show that ARCH effects have not completely vanished in a few cases at long 
lags, and these un-vanished equities are more likely located in group A l rather than in 
group A2, and in group BI rather than in group B2. If we look at the test results on the 
model specification with price change dummy, group Al exhibits 4 cases at 5 lags, 6 
cases at 20 lags with significant ARCH effects in the standardised residuals, while 
group A2 posses only 1 case at 5 lags and no case at 20 lags with significant ARCH 
effects left. Group BI exhibits 3 cases at 5 lags, 4 cases at 20 lags with significant 
ARCH effects in the standardised residuals, while group B2 posses only 1 case at 5 
lags and no case at 20 lags with remained ARCH effects. This result indicates that the 
standard GARCH (1,1) model can explain the volatility dynamics of the equity group 
with lowest turnover velocity better than the equity group with highest turnover 
velocity, and can explain the volatility dynamics of the equity group with largest 
market capitalization better than the equity group with smallest market capitalization.
In general, GARCH (1, 1) model can capture the volatility dynamics of all individual 
equities, but not adequately and as well as it performed at index dataset, where the 
ARCH LM test on the standardised residuals of the model completely accepted the 
null hypothesis to 20 lags for all the indices.
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In order to examine the issues raised in the introduction section, we first fitted the 
volume-augmented GARCH (1,1) models, (4.14) to the indices dataset. Four different 
model permutations derived for each index. Same as previous section, model 
estimation is based upon the quasi maximum likelihood (QLM) methodology. 
Derivations from normality in the noise terms are accounted for by using the 
Bollerslev and Wooldridge (1992) approach, which yields robust standard errors of 
parameter estimates for the VA-GARCH models.
5.3.1 Param eter estimates fo r  the conditional variance equation  
A straightforward way of evaluating the volume effect in conditional volatility 
equation is to test for its significance and to see whether the magnitude of the 
coefficient f  is reduced from the benchmark model.
Table 5.3 reports parameter estimates of the conditional variance equations for various 
model permutations, with corresponding ^-values in right side parenthesis to each 
parameter estimate. The estimated coefficients of the lagged squared residuals, a and 
lagged ARCH term, ft are highly significant (at l%o level) for all the model 
permutations of all the six indices, except for v3-GARCH at SZBI, whose estimated a 
and p  are both significant only at 5% level. Comparing to the estimates of benchmark 
volatility model presented in table 5.1, estimates of P are reduced impressively when 
volume entering the equation, and this reduction is enhanced in the sequence of 
V/-GARCH, v_7-GARCH, Vj-GARCH and v4-GARCH for almost all the six indices. 
Therefore, model permutation v./-GARCH exhibits smallest P estimate for 5 of the 
total 6 indices. The only exception is SHBI, which exhibits second smallest p  estimate 
at v.r GARCH permutation. This result may imply that the explanatory power of 
adjusted volume series in explaining ARCH effects increase through the order of vj, v2) 
V3 and V4.
The coefficient of trading volume, 3 display insignificant estimate at 5% level for 7 of 
total 24 model permutations. These are more likely to happen at model permutation 
v/-GARCH and v2-GARCH. It turns out that the coefficients of standardised 
detrended volume v/ can not reject the null hypothesis of zero at 5% significance level 
in 4 of the 6 indices. The above average series of standardised detrended volume v2 
turns out to be statistically insignificant in the model for 2 of the 6 indices, and the 
unexpected abnormal volume V3 shows this insignificance for only 1 index, while the
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surprise volume v4 is statistically significant for all the 6 indices. This is actually 
consistent with the estimates of a and p, which imply that explanatory power of 
adjusted trading volumes increase through the order of vj, v2) V3 and v4.
Table 5,3 Parameter estimates for the conditional variance equation of indices
CO a P 5
vr  GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.150 (0.000) 0.802 (0 .0 0 0 ) 0.000 (0.004)
SHAI
v2-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.192 (0.000) 0.712(0.000) 0 . 0 0 0  (0 .0 1 0 )
VrGARCH 0 . 0 0 0  (0 .0 0 0 ) 0.150(0.000) 0.780 (0.000) 0 . 0 0 0  (0 .0 0 2 )
v,-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.271 (0.000) 0.416(0.000) 0 . 0 0 0  (0 .0 0 0 )
v;-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.215 (0.000) 0.735 (0.000) 0.000 (0.496)
SHBI
v2-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.295 (0.000) 0.416 (0.000) 0 . 0 0 1  (0 .0 0 0 )
v -^GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.336 (0.000) 0.607 (0.000) 0 . 0 0 0  (0 .0 0 0 )
W-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.274 (0.000) 0.271 (0.000) 0 . 0 0 2  (0 .0 0 0 )
vr GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.156(0.000) 0.785 (0.000) 0.000 (0.003)
SHCI
v2-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.205 (0.000) 0.654 (0.000) 0.000 (0.004)
vr GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.150(0.000) 0.767 (0.000) 0.000 (0.003)
Vv-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.265 (0.000) 0.341 (0.000) 0 . 0 0 0  (0 .0 0 0 )
vy-GARCH 0.000 (0.023) 0.108 (0 .0 0 0 ) 0.873 (0.000) 0.000 (0.171)
SZAI
V2-GARCH 0.000 (0.040) 0.109 (0.001) 0.864 (0.000) 0.000 (0.079)
v5-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.152 (0.000) 0.602 (0 .0 0 0 ) 0 . 0 0 0  (0 .0 0 0 )
vrGARCH 0 . 0 0 0  (0 .0 0 0 ) 0.276 (0.000) 0.397 (0.000) 0 . 0 0 0  (0 .0 0 0 )
vy-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.245 (0.000) 0.617(0.000) 0.000 (0.636)
SZBI
V2-GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.340 (0.000) 0.338(0.000) 0 . 0 0 1  (0 .0 0 0 )
V5-GARCH 0 . 0 0 0  (0 .0 0 1 ) 0.378 (0.020) 0.421 (0.016) 0.000 (0.214)
v -^GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.319(0.000) 0.386 (0.000) 0 . 0 0 1  (0 .0 0 0 )
vy-GARCH 0.000 (0.019) 0.096 (0.000) 0 . 8 8 6  (0 .0 0 0 ) 0 . 0 0 0  (0.608)
SZCI
v2-GARCH 0.000 (0.024) 0.096 (0.000) 0.881 (0 .0 0 0 ) 0.000 (0.340)
vr GARCH 0 . 0 0 0  (0 .0 0 0 ) 0.169 (0.000) 0.693 (0.000) 0 . 0 0 0  (0 .0 0 0 )
VrGARCH 0 . 0 0 0  (0 .0 0 0 ) 0.247 (0.000) 0.377 (0.000) 0 . 0 0 0  (0 .0 0 0 )
In the literature, the conclusion of Lamoureux and Lastrapes (1990) and Wang et al 
(2005) are drawn from the dramatically subsumes of the estimated a and ft values. 
However, this simple inference method turns out to be much problematic which is 
later criticised by Omran & McKinzie (2000), Wagner and Marsh (2005) and Fleming 
et al (2005). In order to evaluate the above coefficient estimates and its indications for 
volatility-volume relation, we need to further examine the volatility persistence, 
kurtosis of the standardised residual, the empirical fit and the diagnostic statistics of 
the model. These issues are addressed in the following sections one by one.
5.3.2 Volatility persistence o f  the m odel
The persistence measure of GARCH model is usually undertaken by the sum of the 
coefficients of lagged squared residuals of the mean equation and lagged GARCH 
term, i.e. a  + f3 of GARCH (1,1) specification, which is widely applied in literature 
for evaluating whether volume can subsumes volatility when volume enters the 
conditional variance equation. Figure 5.1 illustrates the values of a  + fi for the four 
model permutations of VA-GARCH (1,1) model as well as the benchmark GARCH 
(1,1) model of the six indices. The corresponding numbers are presented in Table 5.8.
SHAI SHBI SH CI SZA1 SZBI SZCI
Figure 5.1 Volatility persistence of VA-GARCH model for indices
Following the estimated results for the parameters a and ft, it turns out that all the 
volume-augmented GARCH (1, 1) models yield smaller value of a  + fi than its 
corresponding benchmark model. The two above average volume variable, v2 and v*
- 103-
exhibit smaller a  + fi values than its corresponding initials, i.e. vj and vj. The 
suiprise volume produce largest subsumes for all the cases, which yield dramatic 
reduce of the a  + (3 values.
5.3.3 Kurtosis o f  the standardised residuals o f  the model 
The distributional properties of the residuals give an indication on the extent to which 
non-normality, including fat-tailedness in the return series can be explained by the 
fitted model specifications. We consider the kurtosis and skewness estimates of the 
various model permutations. Figure 5.2 illustrates the values of kurtosis of 
standardized residuals of VA-GARCH (1,1) model permutations for the indices. The 
corresponding numbers are presented in Table 5.8.
SHAI SH BI SH CI SZAI S Z B I SZC I
Figure 5.2 Kurtosis of standardised residuals of VA-GARCH models for indices
Recall the original kurtosis estimates of the six indices return series exhibited in Table
4.2, it range from 6.586 for SHBI to up to 8.691 for SHAI, which demonstrate 
significant leptokurtosis against the normal for all the six indices. The benchmark 
volatility models yield a decrease in the estimated kurtosis of model residuals for all 
the indices. Compare to the benchmark model, the kurtosis estimates of standardized 
residual of VA-GARCH (1,1) model are further decreased for all the three indices of 
Shanghai market, while the Shenzhen market indices show odds. The kurtosis values 
of v;-GARCH for all three Shenzhen indices, of v2-GARCH for SZAI and of vj-GARCH 
for SZBI are greater than its corresponding benchmark model. However, the kurtosis 
values of v -^GARCH for all the six indices show most significant reduction. This
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justified the power of explaining the fat-tailedness by volume effect, especially the 
surprise volume. Hence, fat-tailedness can be explained remarkably by the surprise 
volume, though not fully. In contrast to the results on sample kurtosis, however, the 
results on sample skewness do not reveal a common pattern on the relation between 
skewness and surprise volume effects.
There are possibly policy implications from above estimation results. Fat-tailedness is 
a measure of how thick the low and high outliers are there in the data. If introducing 
trading volume into the GARCH model can reduce the fat-tailedness in the model 
residuals, it means that trading volume contains the information related to the 
volatility dynamics of the market. The explanatory power of the trading volume is 
different in the two Chinese stock markets. While trading volume can reduce the 
fat-tailedness of model residual in the Shanghai market, it has little to do in the 
Shenzhen market. This implies that the investors trading activity can be adequately 
represented by the trading volume in the Shanghai market but in the Shenzhen market. 
This may also imply that the Shanghai Exchange works better than the Shenzhen 
Exchange in terms of market regularity and administration.
5.3.4 Overview o f  the em pirical f i t  o f  the m odel
Figure 5.3 illustrates the estimated AIC values. The corresponding numbers are 
presented in Table 5.9. It turns out that the AIC values of the all permutations of 
VA-GARCH model are smaller than that of its benchmark GARCH (1,1) model for 
all six indices data. This means introducing volume into conditional variance equation 
can obviously improve model fitness overall. Compare to Wagner and Marsh (2005) 
which examines seven mature western markets, this improvement is much distinct in 
the Chinese context.
Two observations arise from the estimation results of AIC values, which bring us 
implications regarding volatility-volume relation. First, the AIC values decrease 
successively from left to right direction for each index in Figure 5.3. This means that 
GARCH model augmented by standai'dized detrended volume fit the data batter than 
benchmark GARCH model, and the goodness of fit can be further improved when 
GARCH model augmented by above average standardized detrended volume, 
unexpected abnormal volume and above average unexpected abnormal volume, 
successively. The best model fit is produced by surprise volume. This indicates that 
positive innovations to the volume variable have superior power in explaining
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conditional return variance in the given VA-GARCH model. It is consistent with 
findings in the microstructure literature according to which below average volume is 
less informative than above average volume; see for example Espejel (1997).
Figure 5.3 AIC of VA-GARCH model for indices
Second, un-auto-correlated volume specification (vj-GARCH) works better than 
predictable standardized detrended volume specifications (vy-GARCH) and with only 
one exception, SZBI, than above average standardized detrended volume 
(V2-GARCH). This finding provides evidence for the information flow interpretation 
of the directing process according to which arrivals of profitable private infonnation 
is non-auto-correlated random variable.
5 .3 .5  M o d e l  d ia g n o s t ic s
Finally, we address an important issue, the model diagnostic statistics. This is to 
evaluate that how adequately the VA-GARCH (1, 1) model capture the ARCH effects. 
We consider the time series properties of the model’s standardized residuals, which 
give an indication on the extent to which linear dependence in the squared return 
series can be explained by the fitted terms in the conditional return equation. For 
simplicity, we ignore the potential serial correlation in level series and implement 
ARCH LM test over the standard residuals up to lags 1, 5 and 20 for each model 
permutation. Table 5.4 reports the ARCH LM value of all VA-GARCH (1, 1).
Table 5.4 ARCH LM tests for standardised residuals of the VA-GARCH (1,1) model 
_________________________ permutations for indices_________________________
v y - G A R C H v . j - G A R C H V j - G A R C H v ^ G A R C H
A R C H  L M  ( 1) 0.200
( 0 . 655)
0.006
( 0. 938)
0.164
( 0. 686)
0.571
( 0. 450)
S H A I A R C H  L M  ( 5) 1.923
( 0. 860)
1.761
( 0. 881)
1.601
( 0. 901)
8.021
( 0. 155)
A R C H  L M  ( 20) 11.369
( 0. 936)
13.803
( 0. 840)
11.381
( 0. 936)
59. 747* * *
( 0. 000)
A R C H  L M  ( 1) 0.113
( 0 . 737)
3.582
( 0 . 058)
0.158
( 0. 691)
0.757
( 0. 384)
S H B I A R C H  L M  ( 5) 3.011
( 0. 698)
19. 825* *
( 0. 001)
5.793
( 0 . 327)
49. 607* * *
( 0 . 000)
A R C H  L M  ( 20) 11.310
( 0 . 938)
95. 682* * *
( 0 . 000)
46. 901* *
( 0. 001)
144. 560* * *
( 0. 000)
A R C H  L M  ( 1) 0.096
( 0. 756)
0.039
( 0. 844)
0.180
( 0. 672)
0.654
( 0. 419)
S H C I A R C H  L M  ( 5) 1.834
( 0. 872)
1.313
( 0. 934)
1.305
( 0. 934)
25. 042* * *
( 0 . 000)
A R C H  L M  ( 20) 12.871
( 0 . 883)
18.332
( 0. 566)
13.622
( 0. 849)
109. 388* * *
( 0. 000)
A R C H  L M  ( 1) 0.673
( 0. 412)
0.573
( 0. 449)
0.274
( 0. 601)
2.277
( 0. 131)
S Z A I A R C H  L M  ( 5) 1.367
( 0. 928)
1.280
( 0. 937)
9.930
( 0 . 077)
26. 578* * *
( 0. 000)
A R C H  L M  ( 20) 12.298
( 0. 905)
12.119
( 0. 912)
43. 558* *
( 0. 002)
66. 850* * *
( 0 . 000)
A R C H  L M  ( 1) 0.116
( 0 . 733)
1.915
( 0 . 166)
0.432
( 0. 511)
0.002
( 0. 962)
S Z B I A R C H  L M  ( 5) 1.456
( 0. 918)
25. 054* * *
( 0 . 000)
2.648
( 0. 754)
10.535
( 0. 061)
A R C H  L M  ( 20) 11.671
( 0 . 927)
70. 094* * *
( 0. 000)
32. 894*
( 0. 035)
69. 784* * *
( 0. 000)
A R C H  L M  ( 1) 0.566
( 0. 452)
0.511
( 0. 475)
0.988
( 0. 320)
1.864
( 0 . 172)
S Z C I A R C H  L M  ( 5) 1.386
( 0 . 926)
1.443
( 0. 920)
1.588
( 0. 903)
22. 228* * *
( 0. 000)
A R C H  L M  ( 20) 8.251
( 0. 990)
8.118
( 0. 991)
17.364
( 0 . 629)
70. 410* * *
( 0. 000)
N otes: * denotes the corresponding parameter estimate is statistically significant at 0.05 level; ** denotes 
the corresponding parameter estimate is statistically significant at 0.01 level; *** denotes the 
corresponding parameter estimate is statistically significant at 0.001 level.
permutations for the six indices, with corresponding p-value in underneath parenthesis. 
Recall the same residual tests executed on the benchmark model of each index (Table 
5.1), none of the six indices show ARCH effects in standardized residuals up to lags 
20. However, the VA-GARCH (1, 1) models display a complicate picture. Although 
none of the six indices show statistically significant ARCH effects in their 
standardized residuals of model v,-GARCH up to lags 20, the GARCH models 
augmented by volume variable v2, and v4 display evidence of existence of 5 lags 
and 20 lags ARCH effects in their corresponding residuals. The surprise volume 
specification, v^-GARCH displays most cases with ARCH effect when we consider 5 
lags and 20 lags. The statistics indicate that ARCH effect does not completely vanish 
in some cases. This result is contrary to our' previous sections in which v^-GARCH is 
the best model specification of perfonnance in terms of overall model fit, explanatory 
power of volatility persistence and residual kurtosis.
5.4 Estimation Results of VA-GARCH (1,1) Model for Equities
Estimation results of VA-GARCH (1,1) model for individual equities display a much 
impressive picture than the results for indices data. Much dramatic attenuation in the 
coefficients estimates of conditional variance equation appears, in general. While we 
report in previous section that all the coefficients estimates of conditional variance 
equation for the 6 indices are statistically significant at high significance level, a batch 
of model permutations for individual equities yield insignificant [3 estimates in 
conditional variance equation and in turn produce dramatic subsumes in volatility 
persistence measure a+fi, which is seen as empirical evidence of volume effect in 
explaining ARCH in the literature. In order to concentrate on our major concerns, here 
we report the summary of estimation results and diagnostics for equity groups. Details 
of estimation results and diagnostic statistics for each sample stocks refer to Table 5.9.
5 .4 .1  P a r a m e te r  e s t im a te s  f o r  th e  c o n d it io n a l  v a r ia n c e  e q u a tio n
Table 5.5 reports the number of cases in each equity group that parameters of the 
conditional variance equation, a, /?, y, S turn out to be statistically insignificant. The 
constant term, co is ignored since it does not affect our main inference. All the 
inferences are implemented at 5% significance level.
T ab le  5.5 N um ber o f  cases w ith  insignificant param eter estim ates in equity  groups
M o d e l  P e r m u t a t i o n a p r 8
B e n c h m a r k 0 0 0 N / A
v r G A R C H 0 8 0 0
G r o u p  A l v 2- G A R C H 0 6 0 0
v r G A R C H 0 0 0 1
V r G A R C H 0 0 0 0
B e n c h m a r k 1 0 1 N / A
v y - G A R C H 1 4 1 3
G r o u p  A 2 v r G A R C H 0 7 1 1
v r G A R C H 0 0 1 3
v r G A R C H 0 0 1 0
B e n c h m a r k 0 0 1 N / A
v r G A R C H 0 1 0 1 1
G r o u p  B I V r G A R C H 0 8 0 0
v r G A R C H 0 0 0 2
v r G A R C H 0 0 0 0
B e n c h m a r k 0 0 1 N / A
v r G A R C H 1 8 1 0
G r o u p  B 2 v r G A R C H 1 8 0 0
v r G A R C H 1 0 0 0
V r G A R C H 0 0 0 0
N o te : The inference is implemented at a significance level o f  5%.
The previous section reports that no case for all the model permutations fitted to index 
data set exhibit insignificant a, fi estimates. The dataset of individual equities, 
however, display very different empirical results. There are few cases which display 
insignificant a estimate. These are FEN of group A2 at model permutation 
vy-GARCH, which is originally insignificant at the benchmark model, and three cases 
of group B2, SCE at vy-GARCH, VAN at v2-GARCH and SYI at vrGARCH. Our 
major concern cast to the estimate of (3, which is seen as the indicator of long term 
serial dependence in conditional variance. 8 cases at model permutation vy-GARCH 
and 6 cases at v2-GARCH turn out that (3 are insignificant in group A l, while 4 cases 
at model permutation vy-GARCH and 7 cases at v2-GARCH turn out that (3 are 
insignificant in group A2. All the 10 cases at model permutation vy-GARCH and 8 
cases at v2-GARCH turn out that [3 are insignificant in group BI, while 8 cases at 
model permutation vy-GARCH and 8 cases at v2-GARCH turn out that (3 are 
insignificant in group B2. Meanwhile, there are no case displaying insignificant f3
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estimate at model permutation Vj-GARCH and vpGARCH in all the four groups. 
These numbers deliver an important infonnation that volume variants vj and v2 could 
be able to explain ARCH effects while the volume variants v3 and v4 can do nothing in 
all the groups. Slight differences between group Al and A2 and between BI and B2 
may exist. These differences are not distinctive but supportive to our prior notion that 
group Al (BI) may presents much impressive volume effect than group A2 (B2) since 
the equities of group A l (BI) are much actively traded than equities of group A2 
(B2).
Few cases of group A2, BI and B2 show insignificant y estimates but the evidence is 
not such strong to make any conclusion. The insignificant Ss in group A l, A2 and BI 
are more likely to attribute to volume variants vj and v3 rather than v2 and v4. This 
provides an weak evidence that the two above average volume variants have more 
explanatory power in the conditional variance equation.
5 .4 .2  V o la tility  p e r s i s te n c e  o f  th e  m o d e l
Following the estimated parameters, the biggest subsumes of volatility persistence are 
caused by volume variants v/ and v2 in each equity group. Figure 5.4 depicts the group 
average of volatility persistence measure, a+f) for each VA-GARCH (1, 1) 
permutation, including the benchmark model. The corresponding numbers are 
presented in Table 5.10.
A 1 A 2  B 1 B2
Figure 5.4 Group average of volatility persistence measure ofVA-GARCH model
for equities
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It is evident that the volatility persistence measures, a+fi for all the VA-GARCH 
models are smaller than their corresponding benchmark model. It is also evident that 
the average value of a+fi for model permutation vy-GARCH and v^-GARCH are much 
smaller than that for model permutation v^-GARCH and vy-GARCH. Model 
permutation vj-GARCH displays the largest volatility persistence in the four 
VA-GARCH model permutations. Considering the group difference, group A2 may 
have a much strong volatility persistence than group Al in all the model permutations, 
which means it works better in group A l than in group A2 that volume explaining 
ARCH effects. However, no such distinctive difference can be found between group 
BI and B2.
5 .4 .3  K u r to s is  o f  th e  s ta n d a r d is e d  r e s id u a ls  o f  th e  m o d e l
Figure 5.5 illustrates the group average of kurtosis value in standardized residuals of 
the model permutations. The corresponding numbers are presented in Table 5.10.
14 .0 0 0
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Figure 5.5 Group average of kurtosis of standardized residuals of VA-GARCH model
permutations for equities
First of all, the kurtosis of standardised residuals of the model is substantially reduced 
when volume entering the conditional variance equation for all the four equity groups, 
regardless which volume variant it is. This delivers an information that VA-GARCH 
model can subsume the fat-tailedness in the model residuals thus be more suitable for 
the distributional property of model residuals than the benchmark model. However, 
the magnitudes of the reduction of the four model permutations display a much
different picture than the volatility persistence estimates. While we presented in the 
above section that the biggest attenuation in volatility persistence were produced by 
model permutations vy-GARCH and v2-GARCH, the biggest kurtosis reduction is 
produced by the model permutation v^-GARCH in all the four groups. Model 
permutations vj-GARCH and v^-GARCH work better than vy-GARCH and 
v2-GARCH, in general.
Considering the divisions between the contrast groups, the kurtosis of group Al is 
apparently smaller than group A2 at all the four model permutations, while no such 
distinctive difference can be found between group BI and B2.
5 .4 .4  O v e r v ie w  o f  th e  e m p ir ic a l  f i t  o f  th e  m o d e l
Figure 5.6 illustrates the group average of AIC values of the model permutations. The 
corresponding numbers are presented in Table 5.10. The overall model fit statistics 
AIC turn out the similar results as it was produced by the index data. In general, 
VA-GARCH (1, 1) models fit data better than benchmark volatility model, and the 
goodness of fit improves successively through vy-GARCH (1, 1), v2-GARCH (1, 1), 
vj-GARCH (1,1) and v^-GARCH (1, 1) for all the four equity groups. Regarding the 
difference between the contrast groups, it is evident that the model fit group A2 better 
than A l, fit group B2 better than BI.
-4.100
-4 .500
-4.700
F ig u re  5.6 G roup average o f  A IC  fo r V A -G A R C H  perm utations for equities
Table 5.6 shows the number of cases in the four equity groups that there still remain 
ARCH effects in standardised residuals of the model at lags 1, 5 and 20.
5 .4 .5  M o d e l  d ia g n o s t ic s
Table 5.6 Number of cases of equity groups that ARCH LM test for standardised 
residuals of the VA-GARCH(1,1) model permutation is significant
B e n c h m a r k v r G A R C H v 2- G A R C H v r G A R C H v , - G A R C H
G r o u p
A l
A R C H  ( 1 )  
A R C H  ( 5 )
0
4
0
1 0
0
1 0
0
8
0
1 0
A R C H  ( 2 0 ) 6 1 0 1 0 9 1 0
G r o u p
A 2
A R C H  ( 1 )  
A R C H  ( 5 )
0
1
0
6
1
8
0
4
0
9
A R C H  ( 2 0 ) 0 7 9 6 8
G r o u p
B I
A R C H  ( 1 )  
A R C H  ( 5 )
0
3
1
9
0
1 0
0
5
0
1 0
A R C H  ( 2 0 ) 4 9 1 0 8 1 0
G r o u p
B 2
A R C H  ( 1 )  
A R C H  ( 5 )
0
1
1
7
1
9
3
5
1
9
A R C H  ( 2 0 ) 0 8 1 0 6 1 0
N o te : The inference is implemented at a significance level o f  5%. The benchmark volatility model is with  
the price dummy.
Compare to the benchmark model, all the four groups evidently exhibit more 
significant cases in the four VA-GARCH model permutations at 5 and 20 lags, 
although the ARCH seems vanished at the 1st lag. This indicates that the VA-GARCH 
model can not completely capture volatility dynamics of the process. In other words, 
volume can not completely explain ARCH effects, regardless which volume variant is 
entered into the model. However, slight difference between the four volume variants 
is presented in the table 5.6. In all the four groups, the model permutation v3-GARCH
almost always displays the least number of cases with significant ARCH effects in 
their standardised residuals. Considering the differences in the contrast groups, group 
A l is likely to posses more cases with significant test output than group A2, and 
group BI likely has more cases than group B2. This result may be interpreted that the 
VA-GARCH model can capture the volatility dynamics of equity group of the lowest 
turnover velocity better than the group of the highest turnover velocity, and capture 
the volatility dynamics of equity group of the smallest market capitalization better 
than the group of the largest market capitalization — a conflicting conclusion against 
sections 5.4.1 and 5.4.2.
5 .4 .6  T h e  c a s e s  th a t  p r e s e n t  n e g a tiv e  f t  e s t im a te
Finally, we need to address another important finding which we haven’t seen at the 
index dataset. Some cases of the sample equities present negative (3 estimate in their 
VA-GARCH (1,1) estimation results. Table 5.7 shows these cases. There is also one 
case presenting negative a estimate, which is stock FEN of group A2 at model 
permutation v^-GARCH, but this only case of a is omitted in table 5.7 for convenience 
of presentation.
Given the nature of the GARCH model, a negative estimate of [3 is apparently a 
violation against the condition of the model, and this is evidently caused by the 
introduction of the volume variable into the equation. The negative (3 estimates 
exclusively happened at the two model permutation vy-GARCH and V2-GARCH, 
which coincide with the results presented in table 5.5 that they are the two model 
permutations exhibit insignificant (3 estimates. If we look at the model permutation 
vy-GARCH, the stocks with negative [3 estimate are more likely located in group Al 
(BI) than in group A2 (B2), while the model permutation V2-GARCH does not 
display such distinctive group difference.
Table 5.7 The cases that present negative [3 estimate
vr GARCH vrGARCH
KGI SEA
CCA
SHD SLS
DEV SNN SYI
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G r o u p  A 1 K G I  K M C  S E A  S H C  S Y P
G r o u p  A 2  F E N
G r o u p  B 1 S H C  S H D  S L S  S R B  S Y P
G r o u p  B 2  S C E  S S I
5 .5  D i s c u s s i o n  a n d  C o n c l u s i o n
This chapter revisited the VA-GARCH (1, 1) model in the context of the Chinese 
stock market. The model specification is extended by: (1) using various volume 
valiants with each containing its own infonnation contents; (2 ) constructing contrast 
groups of sample stocks in terms of turnover velocity and market capitalization; (3) 
embedding a price limit dummy for modelling on individual stocks. Estimation and 
analysis are implemented at market-wide index level as well as individual equity level. 
Now we can answer the questions raised at the begimiing of the chapter by the 
empirical results.
5 .5 .1  T h e  v o lu m e  e ffe c ts
Introducing volume into GARCH model can substantially improve the overall 
empirical fit of the model. For both indices and individual equities, the AIC value of 
their corresponding VA-GARCH (1, 1) model is reduced in the order of V ;, v 2 , v3 and 
v4. From the perspective of the MDH framework, this empirical finding indicate that 
the infonnation contained in the four adjusted volume valiants is enhanced through 
the order of v/, v2, v3 and v4. Thus, the surprise volume, v4 may contain the biggest 
information content regarding to the unobservable directing process. Considering the 
static property of the model, the two further adjusted volume variants v3 and v4 also 
perform better than v; and v2 in explaining the fat-tailedness in model residuals for 
both index and individual equity level.
Considering our major concern, the effect of volume subsuming [1 estimate, it turns 
out that a batch of individual equities exhibit statistically insignificant estimates, 
exclusively at model permutation v;-GARCH and v2-GARCH. P estimates for all the 
six indices are significant at all the four model permutations. However, impressive 
attenuation of the p  estimates are found on the index dataset and these attenuations are 
enhanced through the order of V] , v2, y? and v 4. Thus, the model permutation 
V4-GARCH exhibits the smallest p  estimate for the indices. This is apparently a 
distinctive difference we have found between indices and individual equities, as the 
latter exhibit the smallest (and insignificant at many cases) p  estimate exclusively at 
model permutations v;-GARCH and v2 -GARCH. It is difficult to give a fully-fledged 
interpretation to this empirical finding at this stage of study, but there is a possible
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explanation which can help to understand the interesting phenomena. Since the 
volume variant v2 is the ARIMA residual of vy, it is an un-serially correlated variable. 
As we have presented in our preliminary study on the dataset, the strength of serial 
dependence in its further adjusted volume variable V4 is also weaker than vy and v2 
(see Table 4.5 of Chapter 4). Thus, the dramatic subsumes in the (3 estimate for 
individual equities at model permutation vy-GARCH and v2-GARCH may be due to a 
coincidence of the serial dependence in vy and v2 with that in the number of daily 
transactions, which is actually the reason of the ARCH effects under the MDH 
framework (see proof in appendix 3.A.2 of Chapter 3). The further subsumes in the (3 
estimate by volume variants vj and v4 for the index dataset indicate an improvement 
on capturing ARCH dynamics by un-serially correlated or less serially correlated 
volume variables, at least at the index level. Therefore, neither the volume variants vy 
and v2, nor the volume variants vj and v4 can fully take place the function of the daily 
number of transactions at both index and individual equity levels. Our empirical 
results can not suggest a unified conclusion. From the perspective of the MDH, this 
implies that the information interpretation of the volume effects has complicated and 
diversified aspects.
5 .5 .2  T h e  d iffe r e n c e s  in  th e  e s t im a t io n  r e su lts  o f  th e  tw o  s tu d y  le v e ls
The most important difference between the two study levels is that the insignificant f3 
estimate thus the dramatic attenuation in the volatility persistence measure, a+/3 
happened at individual equity level, rather than in the index level investigation. 
Although the VA-GARCH (1,1) models fitted to the index dataset also revealed some 
aspects of the volatility-volume relations, especially, the empirical fit of the model, 
the explanatory power in explaining the fat-tailedness and the attenuation in [3 
estimate are enhanced through the order of adjusted volume variants Vy, v2, vj and v4> 
it turns out that none of the six indices exhibit insignificant j3 estimate at all the four 
model permutations. If we take the criterion used by previous studies, this means that 
volume can explain ARCH effects in the context of individual equity level but not at 
the market-wide index level. This result is in somewhat extent consistent with Wang 
et al (2005) which suggest that information arrivals represented by trading volume 
tend to be company specific. It is worth noting that the assumption of Wang et al 
(2005) is that daily trading volume is directly the proxy of arrivals of information, 
while it is clarified in this study that daily trading volume takes place the function of
-116-
daily number of transactions which is directly related to the volatility dynamics. 
Furthermore, our empirical results may imply that while adjusted volume variants vj 
and v2 are more likely to contain company specific infonnation, the further adjusted 
volume variants v2 and v4 are more useful in explaining the market-wide volatility 
dynamics.
5.5.3 T h e  d iffe r e n c e s  in  e s t im a t io n  r e su lts  b e tw e e n  c o n tr a s t  e q u ity  g r o u p s
Differences between contrast equity groups originally appear- in our preliminary study 
on the return series, which are presented in Chapter 4. The establishment of the 
benchmark volatility model at the beginning of this chapter also shows that the 
standard GARCH (1,1) model can capture the volatility dynamics of the equity group 
with lowest turnover velocity better than the equity group with highest turnover 
velocity, and can model the volatility dynamics of the equity group with largest 
market capitalization better than the equity group with smallest market capitalization. 
However, the estimation and diagnostics of VA-GARCH (1, 1) model on the contrast 
groups present an opposite result. Equities in group Al are more likely to exhibit 
insignificant /? estimate than equities of groups A2, while equities in group A2 are 
more likely to display insignificant 3 estimate than equities in group A l. The volatility 
persistence measure, a+fi confirm that volume vj and v2 of group Al can explain 
ARCH effects better than that of group A2. This inter-group difference imply that 
whether volume can explain volatility is dependent on the level of trading activity 
since turnover velocity is actually a indicator of trading activity. However, the 
diagnostics of the model show that more cases in group Al remain ARCH effects in 
their standardised residuals than in group A2. Meanwhile, equities in group Al also 
exhibit more cases with violation of the non-negative condition in parameter 
estimation for the conditional variance equation than that in group A2. According to 
Fleming et al (2005), simultaneity bias in parameter estimation is negligible in the 
context of individual equities with high level trading activity, thus it is supposed that 
this violation is caused by the unrecognized constraint in the coefficients of the 
equation.
It turns out that the difference between group BI and group B2 is not such impressive 
than above presented differences between group Al and A2. In general, setup of
contrast equity groups by market capitalization does not work as well as turnover 
velocity.
5 .5 .4  A  g e n e r a l  c o n c lu s io n  o n  th e  e m p ir ic a l  re su lts
The finding of serial correlation in squared residuals of the model and the violation of 
non-negative condition of GARCH model coefficients indicate that the VA-GARCH 
model can not adequately capture ARCH dynamics in the stock market. However, the 
successive improvement of model’s empirical fit and the reduction of the 
fat-tailedness in model residuals through the order of vy-GARCH, v2-GARCH, 
v3-GARCH and v^-GARCH imply an increase of the strength in explaining the static 
aspects of volatility dynamics by the further adjusted volume variants. Thus, while 
volume may fail to explain the dynamic aspect of heteroskedasticity in returns, it may 
dominate in explaining its static aspect. This conclusion is consistent with Wagner 
and Marsh (2005).
The VA-GARCH (1, 1) model provides a platform on which empirical researchers 
can exercise direct test for the relation between ARCH effects and trading volume. 
The inviting statistics property and tractability of this modelling strategy make it 
much popular in the literature. However, our empirical evidence confirmed the 
problematic issues in the model specification. Especially, the false vanish of ARCH 
effects is due to the unrecognized constraint on the parameter estimation imposed by 
the VA-GARCH (1, 1) specification. And the model’s assumption that volume is a 
weakly exogenous variable is unreasonable, which causes simultaneity bias in model 
estimation. The paradox of the improvement in model’s goodness of fit with the 
failure in diagnostic test can be understood that we need to carry out further 
investigation on this topic. It is conjectured that the scope of the complicated relations 
between return volatility and trading volume is beyond the conclusions normally 
drawn by applying VA-GARCH (1,1) model.
5 .6  T a b le s  o f  E s t im a t io n  R e s u lts
Table 5.8 AIC, volatility persistence, skewness and kurtosis in standardised residuals 
of VA-GARCH (1,1) permutations for indices
SHAI
SHBI
SHCI
SZAI
SZBI
SZCI
Benchmark vr GARCH v2-GARCH vrGARCH VrGARCH
AIC -5.697 -5.702 -5.709 -5.739 -5.762
cc + j3 0.979 0.951 0.904 0.93 0.687
s -0.164 inCN©i -0.187 -0.186 -0.31
k 7.133 6.956 6.715 6.185 6.008
AIC -4.912 -4.914 -5 -5.009 -5.164
a + p 0.959 0.95 0.711 0.943 0.545
s 0.37 0.353 0.016 0.111 -0.206
k 6.488 6.451 5.084 5.128 4.317
AIC -5.699 -5.704 -5.713 -5.75 -5.792
a + p 0.978 0.94 0.859 0.917 0.606
s -0.155 -0.117 -0.209 -0.218 -0.541
k 7.088 6.895 6.502 5.958 5.179
AIC -5.59 -5.592 -5.596 -5.606 -5.678
cc + p 0.985 0.98 0.973 0.754 0.673
s -0.317 -0.309 -0.344 -0.484 -0.646
k 6.064 6.088 6.271 5.877 4.644
AIC -4.919 -4.925 -5.006 -4.975 -5.132
CC + P 0.904 0.862 0.678 0.8 0.705
s 0.305 0.336 -0.187 0.215 -0.289
k 7.165 7.38 5.604 7.259 5.597
AIC -5.539 -5.539 -5.54 -5.593 -5.608
a + P 0.983 0.981 0.977 0.862 0.625
s 0.037 0.037 0.018 -0.235 -0.425
k 5.607 5.611 5.653 5.562 5.01
- 119-
<&8
o
cri<D
f
<D
4
£
<£
r<D
T3
O
8
ffi
£
u - to
03•
3
to
O* T“^
0
1•
T3
T3
§
03
<L>
”5
03
W
ON
v5
Qi
3
£
+
i—i cn
no rtcn cn
NOrtCN
o
cn
ONNO
rtrto
ofeONcn
CN
rt
© © © © ©  ©  
©  o
CN ©  © o  © ©
CN O  ©  ©  cn ©
cn ©
ON ©i— ©
© © © © © © 
o  ©
CN S
n !  
R e
rt no ©  cn rt CN
fe o
fetoNO
cn
ON
(N
©
ON
in
©
cnrtoo
o©©
rt
©mCN
rt
i i  ©o  © ©  ©  
©  ©
CN ©  ©  ©  © ©
NO ©  ©  ©  rt ©  
© ©
in ©  oo ©i i  ©
© o  © © © ©
o  ©
CN Scn g  
©
to s
CN rt cn to© i—>
CN ©
©cnfe
cri
ON
CNcn
©
oocnfe
©
oo
od
©rt
ON
N OCN
i+
©  o  ©  ©  ©  ©  
©  cd
CN ©  ©  ©  O  ©
cn ©  rt ©  m ©
t o  ©  
O n ©i-= ©
cd cd
© © © © ©  ©  
cd cd
On S' 
§
$  e
^  g  
«  ©  oo
cn S
f e  t o  
On On ©  CN
fe cd
fetocn
O n
cn
cd
rt
S
©
©CN©
toto©rt
fe©cn
rt
i  ©  ©  ©  ©  ©  
© ©
CN ©  ©  ©  © o
CN O rt ©  rt ©
cd cd
CN ©  fe  OH  ©
cd cd
©  ©  ©  ©  ©  ©
NO ft—. CN © 1— O
NO R to ©
N O  S '
S  o
cnoo S ,
to CN rt m ©  oo
fe
NO
cri
©cnCN
cd
NO
O n
cn
ON
rt
O noo
rt
rt
rt
©  ©  ©  ©  ©  ©  
cd ©
cn ©  ©  o  ©  ©  
cd cd
On to
c n  t oo  NO
NO © NO © — O
—< o  
o  o  ©  ©  
c d  c d
rt ft—-. ©  ©  1—1 o
to R
£  §  
fe  RNO S
t rt o  rtI—, r—
c nrtto
©
c o
<N
c d
CN
c d
00CNrt
ON
to
c nrt
rt
i  ©o  o  ©  ©  
c d  ©
c n  ©  ©  ©  © ©
©  c d
n o  o o  «n ©  
o  c n  
c d  c d
oo ©to ©  n  ©
c d  c d
O  ©  ©  ©  ©  ©
c d  c d
Onfe ©  1- ©
CN <=> ©  ©
SC OOn 5  
•0 ©  cn
cn S
©  ©  
©  O n© ON
c nOn
CN
CN
OO
CN
c d
©ONto
c d
NO
c n
c q
rt
CNON
rt
fertrt
rt
©  ©  ©  ©  ©  ©
c n  ©  ©  ©  o  ©
CN ©ri o
rt ©  
c d  o
00 ©  
fe o1  ©
c d  c d
©  ©  ©  ©  
c q  c q  
c d  c d
oo
c n  ©  
c n  ©  
fe ©
to S
SJ ©  ^  ©
to e
f e  CN to On—i NO
to00
rt
cri
©
c n
c n
C>
fe
CNto
c d
NO
On
rt
©
OO
rt
rt
— ©  ©  ©  o  ©
Cd c d
CN ©  
©  ©  © ©
to o  ©  ©  
c d  c d
© © o  o  
©  c q
c d  c d
1
2
2
.7
6
6
(0
.0
00
)
9
2
.0
9
8
(0
.0
00
)
6
4
.7
9
8
(
0
.0
00
)
7
3
.4
1
6
(0
.0
00
)
4
5
.0
2
8
(0
.0
00
)
1
7
.4
7
5
(0
.0
0
4
)
/—s
CN (N  
CN n  
©  c n
n  c n  
CN ON 
c q  c q
K  ©  
f e  —  
t o  CN
f e  c d
' —ft CN 0
f e  cd
CN
O n
f e
t o
ON
cn
t o
r t
cri c ri c ri
cn
CN
CN
f e
c n
c n
VO
CN
c d
i
c d
i cd■
oo
CN
r t
ND
c q
0 0
NO
t o
© c d c d
t o
c n
ON
©
©
t o
©
c n
od
f e
t o
t o
©
NO
t o
CN
t o
NO
t o
©
NO
0 0
CN
NO
©
f e
NO
r tt T
r t
i
ft—  
©  ©  
©  ©  
©  ©
ft— .
—  o  
©  ©  
©  ©
ft— '
o  ©  
©  ©
c q  c q
c d  © c d  0 ©  c d
'— '
/----V
f e  ©
©  o  
o  ©
/— '  
NO ©  
©  ©  
o  c >
<•—\  
r t  ©  
©  ©  
c q  c q
c d  c di—ft■ c d  c d• w ' 4=5 S
-0
.0
11
(0
.8
4
1
)
-0
.0
5
0
(
0
.0
00
)
0
.4
2
7
(
0
.0
0
0
)
ft—■>
ON -3 -
c n  ©  
n  ©
ft— V
r t  ©  
i—i o
n  ©
ft— '  
1—< ©  
r t  ©  
—  ©
O  0 c d  c d
V—ft c d  0
— H o '  
o  ©  
©  ©
©  ©  
©  ©  
©  ©
©  S '  
©  ©  
o  ©
c d  © ‘
N—ft c d  0 ©  0
d ' d 1
I-.
>
no S
g
~  S
s  g  
n  ©
£  S
©  ON
c n  c n
CN NO
c d  c d
©
O n
rt
rt
c d
CN
c d
CN
NO
NO
c r ioo
NOto
NO
O n
NO
rt
CN ©  ©  ©  ©  O
c d  c d
to ©  ©  ©  ©  ©
c d  c d
NO ©  00 ©  ©  ©  
c d  c d
rt ©  rt ©  — O
© © ©  ©  ©  O
C d c d
CQ
O
a
a
(n
'SX
+
1
1
4
.9
7
3
 
(
0
.0
0
0
)
6
9
.2
4
5
(
0
.0
0
0
)
6
6
.7
5
2
(
0
.0
0
0
)
8
0
.9
8
3
(
0
.0
0
0
)
1
4
1
.2
7
2
(
0
.0
0
0
)
1
1
1
.8
3
6
(
0
.0
0
0
)
4
6
.9
8
8
(
0
.0
0
1
)
7
2
.9
7
4
(
0
.0
0
0
)
9
9
.9
9
0
(
0
.0
0
0
)
4
8
.3
9
5
(
0
.0
0
0
)
9
8
.0
2
2
(
0
.0
0
0
)
6
1
.4
5
7
(
0
.0
0
0
)
1
1
9
.9
1
1
(
0
.0
0
0
)
9
4
.6
8
7
(
0
.0
0
0
)
6
2
.9
6
0
(
0
.0
0
0
)
5
0
.3
2
6
(
0
.0
0
0
)
2
3
.5
4
4
(
0
.0
0
0
)
5
5
.5
6
8
(
0
.0
0
0
)
1
1
3
.7
1
4
(
0
.0
0
0
)
8
7
.7
5
3
(
0
.0
0
0
)
1
7
.0
2
5
(
0
.0
0
4
)
5
1
.8
6
1
(
0
.0
0
0
)
3
5
.2
5
7
(
0
.0
0
0
)
1
4
.0
3
9
(
0
.0
1
5
)
2
1
.3
8
7
(
0
.0
0
1
)
2
1
.5
5
0
(
0
.0
0
1
)
5
6
.0
9
4
(
0
.0
0
0
)
5
1
.5
5
0
(
0
.0
0
0
)
/— V
c n  to­
r n  i n  
©  CO
1—I CO 
i n  o n  
r - i  v o
4—1
CN O n  
O n  00 
CN m
4—1
O n  s o  
00 s o
©  to -
to -  S '
s o  00 
0 ©
4--- V
1-1 NO 
> n  00 
to -  c n
ON c n  
O n m  
©  to -
4 ~ 1
©  SO  
©  O n 
©  ON
4----V
O n c n  
©  CN 
O  ON
4—1
CN ON 
c n  i n  
0 c q
4—1
CN 00 
©  to -  
i n  r t
CN ©
u n  c n  
©  00
4---N
c n  00 
©  i n  
©  ON
1—  O n  
c n  m  
©  00
©  © d  © ©  © C J  © c r i  O 0 0'—4®  84 ©  O1—4O  ©1__4O  O1—4©  d___ ' ©  d . d  d ©  ©1__4
SO
CN
i n
r t
r t
r q
SO
c n
r t
CO
r t
s o00
r t
CO
CO
CN
r t
SO
CO
CO
00 SO
00
CN
r t
0 0
O s
ON
00
©
c n
s o
CN
©
r t
to -
c q
r t c r i r t c r i r t r t c r i r t r t r t r t r t r t c r i
CO
o o
©
©
c n
ON
©
s o
c n
to­
r n
c n
to­
r n
c n
ON
CN
c n
©
to­
r t
©
r t
©
ON
to -
r t
©
CN
O n
CN
c n
c n
CN
00
i n
CN
© ©i © ©1 ©1 ©1 01 ©1 ©1 C s d 1 ©1 d 1 ©1
c n c n
r t
SO
SO
i n
©
©
c n
ON
©
©
O n
r t
O
c n
CN
s o
i n
CN
m
c n
CN
CN
5
CN
i n
to­
r t m
SO
CN
r*H
to­
r t1—H
O © © © © 0 © © © © d © © d
to -
O s
c n
©
O n
CO
©
i n
SO
m
CN
m
ON
ON
i n
r t
©
i n
s o ©
r t
r t
ON
s o
O n
©
©
00
r t
to -
to -
r t
s o
CN
i d
©
©
i n
c r i
s o
o
i n
SO
r t
©
i n
0
c n
i n
i n
SO
c n
m
CN
to ­
r n
i n
ON
CN
r t
n
r t
m
r t
i n
i n
ON
ON
c n
©
r t
©
r t
r t
©
©
r t
d
O n
©
r t
ON
i n
c n
i n
f e
to­
r n
i n
O n
CN
iO
s o
CN
CN
m
CN
CN
CN
c n
s o
s o
r t
CN
to­
r t
ON
i n
©
r t
i n
c n
CO
CN
CN
c n
c n
to -
O n
CN
©
ON
c n
SO
©
r t
O n
r t
r t
■ r ti
r t
■ r t1 r t1 r t1 r t1 r t■ t r t1 r t1 r t1 r t1 r t
©  S '  
©  ©  
©  ©
»—  ©  
©  ©  
©  ©
©  S '  
©  ©  
0 0
4—1
CN ©  
©  ©  
©  ©
©  S '  
©  ©  
©  ©
4—1
^  0 
0 ©  
©  ©
©  S '
©  0 
©  ©
4—1
CN ©  
©  ©  
O  ©
4--- 1
0 CN 
O  ©  
©  ©
I—  S '
0 ©  
©  ©
4—1
©  to -
©  0 
0 —
4— i
CN O  
©  O  
©  O
4—1
©  1—  
©  —  
0 0
4—1
—1 0 
©  0 
0 ©
©  ©
1—4 ©  ©'----
0 © O  O'__40 ©1—40 ©1—4©  © ©  © _ 0 CO ©  ©1—4 d  ©1__4©  © d  d1—4d  c d
r t  o '  
©  ©  
©  ©
r t  S '  
©  ©  
©  ©
4— .
m  ©  
©  ©  
0 ©
4-1
c n  ©  
©  ©  
©  0
4—1
to -  O  
O  ©  
©  ©
4— .
to -  ©  
©  ©  
©  0
4--- 1
c n  ©  
0 ©  
0 0
4—1
r t  ©  
©  ©  
©  ©
m  c n 1 
©  ©  
0 ©
4 - 1
r t  ©  0 0 
0 ©
4—1
c n  r t  
©  ©  
©  C >
r t  S '  
©  ©  
©  e s
4—1
r t  0 
©  ©  
©  ©
4—1
r t  ©
©  0 
©  ©
©  ©1—4 ©  ©1 —4
0 0 ©  © ^ ©  O1—4©  ©1__' ©  © 0 d . ©  © , ©  ©1—4 d  d , ^  S ' d  d d  d
o o  
CN v n  
o  J J
4---1
i n  t— 
©  ON
©  c q
r t  S '
O n  0 
c n  ©
r t  o '
r t  ©
d  0
—1. ^~N
©  0 
f e  ©
O  o '  
f e  ©
©  O
to -  S '
5  §
4—1
S O  ©  
r t  ©  1—1 ©
c n  —  
r t  to -  
C s  f e
ON S '
s o  r t  
©  0
4—,
m  c n  
r t  0 
c n  ©
4--- 1
SO  ©  
©  ©  
f e  C S
8  S '
0 £
m  S '
©  O n  
©  00
9  s . ©  ©1—4 0 ©1—40 © 9 e 9 e ©  d , ©  O ©  O ©  ©1--- 4 ©  © ©  d 9  0 ©  d .
v£> o '  
c n  ©
.—I
4--- 1
OO o  
c n  ©
r—  ©
4—1
( N  ©  
to -  ©  
f e  O
s o  ©  
i n  ©  
f e  0
4—1
r t  0 ,-1 0
1—1 ©
O n S '  
©  
1-H O
to -  S '
to -  0 
—  0
4— 1
ON O  
to -  ©  
— ! O
4— i 
©  ©  00 ©
r - J  ©
4—N
CN ©  
ON ©  
1—1 ©
4— - 
—  ©  
c n  ©  
c n  e s
4— 1
i n  ©  
©  ©  
CN ©
i n  S '
r t  ©  
—  ©
4—1
CN ©  
r t  ©  
1-1 ©
©  < d
®  8 4
©  © 0 © 0 0 ©  © , ©  ©1—4O  © , ©  © d  © d  ©1—4d  d>—4d  d1—4d  d1—4
4—1  
1-1 ©  
©  ©  
©  ©
©  S '  
©  ©  
0 0
4— . 
©  ©  
©  ©  
O  O
4—1
©  0 
©  ©  
0 ©
4— . 1—1 i 3 
©  ©  
0 ©
©  S '  
©  ©  
©  0
0 S '  
©  ©  
©  ©
4—1 
©  ©  
O  ©  
O  O
4—1
1—  ©  
©  ©  
©  ©
4---1
0 ©  
0 ©  
0 0
4—1
0 ©  
0 0 
0 ©
©  S '
0 0
0 C S
4—1 
1-1 ©  
O  ©  
O  C S
©  S '
©  0 
0 ©
©  o 0 0
___ '
©  O 0 ©1—40 ©1__40 © 0 ©1__4 ^  84 ©  ©1—4 d  d ©  d1__4d  d1—4©  d1—- d  d1__4
P ?
•>
p i P ^ > p ? Pi 9
o
2 <w
C/3
fewco
U
c o
AR
CH
 
LM 
(2
0)
91
.3
96
(0
.0
00
)
81
.1
87
(0
.0
00
)
52
.0
57
(0
.0
00
)
67
.2
23
(0
.0
00
)
10
.7
25
(0
.9
53
)
62
.9
10
(0
.0
00
)
10
7.
55
3
(0
.0
00
)
68
.1
33
(0
.0
00
)
10
8.
87
2
(0
.0
00
)
66
.0
95
(0
.0
00
)
91
.6
93
(0
.0
00
)
81
.6
59
(0
.0
00
)
48
.6
80
(0
.0
00
)
56
.8
39
(0
.0
00
)
Sfe
X
u
es
<
25
.0
63
(0
.0
00
)
43
.0
76
(0
.0
00
)
14
.1
50
(0
.0
15
)
29
.7
77
(0
.0
00
)
0.
86
4
(0
.9
73
) (000*0)
ILV
6Z 48
.9
67
(0
.0
00
)
32
.8
78
(0
.0
00
)
39
.5
76
(0
.0
00
)
25
.6
09
(0
.0
00
)
25
.6
58
(0
.0
00
)
37
.2
43
(0
.0
00
)
6.
33
9
(0
.2
75
)
14
.9
42
(0
.0
11
)
✓—V
'w'
Sfe
E
u
X
<
0.
81
7
(0
.3
66
)
0.
19
3
(0
.6
61
)
0.
19
0
(0
.6
63
)
0.
26
6
(0
.6
06
)
0.
55
5
(0
.4
56
)
0.
25
4
(0
.6
14
)
0.
49
6
(0
.4
81
)
0.
17
1
(0
.6
79
)
0.
98
8
(0
.3
20
)
0.
59
3
(0
.4
41
)
0.
70
1
(0
.4
02
)
0.
17
7
(0
.6
74
)
0.
12
9
(0
.7
20
)
0.
09
4
(0
.7
59
)
3.
62
2
3.
74
7
5.
72
7
4.
39
1
6.
01
3
4.
14
7
4.
65
8
4.
46
1
4.
36
7
4.
42
2
6.
66
1
4.
92
0
5.
25
5
5.
13
2
VI
-0
.1
91
-0
.4
25
0.
16
6
-0
.1
24
ooo-o
-0
.2
53
-0
.3
03
-0
.3
32
-0
.3
62 ©
©■ -0
.5
29
-0
.4
27
-0
.4
21
-0
.5
73
+
53 0.
57
6
0.
21
9
0.
30
5
0.
29
7
0.
76
0
0.
36
1
0.
20
9
0.
25
8
0.
47
4
0.
39
0
0.
10
2
0.
13
5
0.
63
1
0.
28
9
53
89
.9
34
54
46
.3
35
53
62
.1
06
54
19
.4
93
53
77
.4
77
54
67
.5
33
49
11
.3
83
4 9
62
.4
46
49
39
.1
97
50
00
.0
57
49
00
.2
00
49
44
.3
29
49
39
.9
00
49
92
.5
36
A
IC
-4
.4
31
-4
.4
78
-4
.7
11
-4
.7
61
-4
.7
30
-4
.8
10
-4
.4
59
-4
.5
06
-4
.4
89
-4
.5
44
-4
.4
05
-4
.4
45
-4
.4
41
-4
.4
88
0.
00
0
(0
.0
00
)
0.
00
2
(0
.0
00
) © © © © © ©
© o , 0.
00
1
(0
.0
00
) (100*0)
000*0 0.
00
1
(0
.0
00
) /-ft © © © © © © 
o  ©
(000*0)
100*0
© © © © © ©
© ©, 0.
00
2
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
2
(0
.0
00
) --V© o  © © © o
o  ©'_/ 0
.0
02
(0
.0
00
)
fN
0.
00
2
(0
.0
00
) 'sb o  o  © o  ©
© ©'v' 0
.0
02
(0
.0
00
)
0.
00
2
(0
.0
00
) /-so  © © © © 
© o 0.
00
1
(0
.0
00
)
0.
00
4
(0
.0
00
)
0.
00
3
(0
.0
00
)
0.
00
3
(0
.0
00
)
0.
00
3
(0
.0
00
)
0.
00
2
(0
.0
00
) <N © © © © ©
O © 0.
00
1
(0
.0
00
)
0.
00
1
(0
.0
00
)
0.
39
8
(0
.0
00
)
0.
09
7
(0
.0
01
)
0.
03
3
(0
.5
24
)
0.
05
1
(0
.1
75
)
0.
51
3
(0
.0
00
)
0.
11
5
(0
.0
00
)
0.
00
6
(0
.8
95
)
0.
07
3
(0
.0
88
)
0.
26
2
(0
.0
00
)
0.
20
9
(0
.0
00
)
-0
.0
12
(0
.7
92
)
0.
01
6
(0
.7
15
)
0.
48
3
(0
.0
00
)
0.
15
2
(0
.0
00
)
55
0.
17
8
(0
.0
00
) (OOO'O)
zzro
0.
27
2
(0
.0
00
)
0.2
46
 
. 
(0
.0
00
)
0.
24
7
(0
.0
00
)
0.
24
6
(0
.0
00
)
0.
20
3
(0
.0
00
)
0.
18
5
(0
.0
00
)
0.
21
2
(0
.0
00
)
0.
18
1
(0
.0
00
)
0.
11
5
(0
.0
00
)
0.
11
9
(0
.0
00
)
0.
14
8
(0
.0
00
)
0.
13
7
(0
.0
00
)
3
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
) /—V © © © o© O
© ©>—' 0
.0
00
(0
.0
00
)
0.
00
1
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
1
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
)
0.
00
0
(0
.0
00
)
> > > <N
SJ
G
ST
B
SY
P
;i
Ta
ble
 5
.9 
(2)
 E
sti
m
at
es
 a
nd 
di
ag
no
sti
c 
sta
tis
tic
s 
of 
VA
-G
AR
CH
 
(1
,1
) 
m
od
el 
for
 i
nd
ivi
du
al 
eq
ui
tie
s: 
Gr
ou
p 
A
2
f t
+
CO CN NT Cft 
CN ©
IN
CN
"T
©
On©
CNinm
T
no■*T
■T
NO
CNin
NOin
nt
© © © © © © © o
© © © ©
CN ©  ©  ©  
n t  ©
© ©
© o  in ©
- f t  O  
© ©
© © © © o  ©© ©
N O  / -f t  oo © in © 
nt 9  
CN ©
cn in
OO I N  
©  N
Cft
t f t
NT
CO©
oo
NO©©
CO
CNm
>T©
no
—< © © © © ©
© ©
IN O  © © © ©
P  oo 
9  OI V /
On ©  N  CN © ©
© © © © © ©
oo O' oo g  ™ ©
$  <=> ~ \ _ /
ft-* ©-ft © N  —;
CN ©
NO
ON
ONNf
t N
CN
CO
CO
COin
©CN
N O
© © o © © o
T  © © © ©
o © © ©
NO ©© ©
ON ©  Xt- © ft- o
© © © © © © 
© ©
On O  CN g9  ©^ cri oo B
co CN+r cn CN no 
cri ©
O n
CN
NT
O n
I N
in©co
©
©
CN
O n
NO
"T
CN ©  ©  ©  ©  ©  
© ©
in © © o  ©  ©  
O  cri
On ©  N- © —< O
© ©
NO ©  
CN ©1-N ©
© o
© © © © © © 
© ©
I N  ©  
On ©  
CN ©
m oo 
<N no
O n O n
N O  - f t
N T  C O  ©  oo
"sf-
Ntco
CN
©
ONco©
I NNTCNin
© © © © © ©© ©
CN oo © in © ©
£  NO
c n  r—
CN ©
9  .©.
© 00 -ft o© CO © ©
- f t  O  © © © ©
1 1  
°  criOO 5",
Nt S' co g  9  o
o o  B
ON S 'm g  9 © 
£  OI N s— /
NOmN-
CNT
CN
CN
N-©
C O©
NO
NTCftoco©in
©  CO © in 
o© o
co co ft- oo co —i
g  §  ©  o
9  o .
■r ©
CN ©  r- O
- f t  c n
ON NO 
©  I N  © ©
O nN-
ON
O nco
N T
NTcri
cocoin
CNoo
CNin
©
O n
CO
NT
© in © — © © 
cri o ’
in © © o  © © cri o
—ft o n  
CN ©  
CO ©  
© ©
—c CO 
CN ©-ft O
©  cri
© m © © © © © ©
- f t  CO 
t N  r-ft 
NO NT
oo
CN
cri
CN
NO©©
CN©
O n
nT
COin
in
NT
CO © © © © ©
m © © © © o© ©
OO CN o  © © © o
Cft ©  NT © ©© ©
© © © © O © © ©
tft /-v 
NO O  OO O  
NT 9  © ©
s §X ©
CN B
CN CO 
nT  CN 
CN NO
NT
N Too©
NT
cri
CN
CO
tf t
NT©NTin
no
Nt
o  ft- o ftft © © 
o  cri
NT © © © © © 
o  cri
-ft nj- NT © 
(N ©
ON © NO ©ftft O
©  cri
© © © o  © © 
o  cri
NO OO 
CN NO co in© ©
oo©
nT
©
C ft
CN
cri
©On
NO
CO
ON
N Tin
NO
NT
—< O © © © ©
N T  ©  © © © ©
©  cri
On in oo nt © —
CO ©© o— O
© © © © © ©
^ (ri oo g,
CN S
9 S 
p.
co © ^ in oo co © ©
Cftin
ON
CN
00inin©
Cft
CN
C O
NTin
notft
N O
©  CO 
o  NO © ©
CO ©  © © © © © ©
ft- O
Cft o  
CO ©o ©
Cft ©  00 © ftft ©
© © © © © o  
© cri
T^NO
CO ON© m
©  O n
CO
CO
NT
NT
N T©
NOCftco©
NO
NO
CN
O ninin
CNNT
t f t
CN ©  
©  ©  
©  ©  
© O
C O  o  
©  ©  © ©
NO ©  
CO ©  
CN ©  © ©
© © 
NT ©ftft © © ©
© © © © © © 
© ©
<oU Sfe Pfe
to
ea.
+
g  O  
2  
rn  S
on On
to  cn 
fe  CN 
NO ©
ON ©1-H
CN NO
fe
OO
ON
ON
©
NO
ON
CN
rt
On
On
tortto
to)
rt
ONfe
© © 
©  o  
©  ©  
©  c ri
to © © © © ©
—  r t  
r t  oo— ©
on ©to) © — © 
© ©
o  ©  
©  ©  
o  ©
1
0
9
.0
0
4
(0
.0
0
0
)
1
8
.9
1
0
(0
.5
2
8
)
oo S  
S ' ©
CN OO 
r t  ©  
to) ON
CN o  
to) s —  ©-—ft
ft—
CN ON
fe  oo 
©  fe ­
ft---V
cn cn
©  to) 
CN NO
ed © ©  cd
cn
to)
ONfe
NO
NO CN
r t
©
to)
ON
oo
ON
©1 cd1
On
©
CN
CN
cn
fe
cd cd
O
NO
CO
to)
NO
fe
cn
NO
to)
fe
to)
to)
rtfe
oo
fe
00
rt) T
H S ' © © o  cq
© so  © 
©  cq
©  © cd ©
ft—V
NO ©  
O  ©  
©  ©
cN S
©  CN 
©  ©
©  ©'—ft cd  0
©  s
—1 to)
©  fe
NO S
ON ©  
to) ©
o  cd ©  ©-—ft
ON S
ON ©
r t
<— . 
NO ©  
cn ©  
—  ©
©  o-—ft cd ©N_<
ft—V 
©  ©  
©  ©  
o  cq
ft—s 
©  ©  
©  ©  
©  ©
cd 0 cd ©
NO S  
^  ©  
<*! ©  
CN jr i  
cn S
m  on 
cn  cn 
cn no
©  ©
r t
oo©
fe
NO
NO
©
r t
cn
On
©
fe
to)
NO
cn
ON
rt
cn o  
©  o  
©  ©  
©  c ri
no ©  
©  ©  © ©
© ©
to) o  
CN ©  
CN ©  
© ©
©  O  
©  ©  © ©
©  o
ft—
—  On 
oo O  
CN oo 
CN ©
to) n j  
CN CN —  o
o
NO
On
fe
r t©
CN
©
©©
©
fe
OO
cn
CN
On
o
—  fe  
©  CN © O
r t  ©  
r t  ©  
on ©
no ©
to) ©  
©  ©  
© ©
©  i— 
©  ©  
©  o
© ©
11
.5
66
(0
.9
30
)
13
.5
88
(0
.8
51
)
cn on 
fe  00cq no
ft—\
CN to) 
n  ©  cn to)
cri ©'—ft r t  ©-— -
/—\  
©  NO 
CN On 
fe  cn
to) ©
On r t  
to) r t
cd  cd o  ©-—ft
ON
fe
CN
io
oo
CN
fe fe
fe
On
©
OO
cri ©
r t
On
On
©cq
cd
OOrt
to)
NO
oo
todcn
NO
CNrn
NO
© oo©
«rii ini
ft^—
©  fe 
O  CN 
©  ©
© m© ONcq rt
© ©'—ft o  cd
i  S ' 
o  NO © ©
ft— 
©  ©  
©  oo cq cq
©  © O  0
On S
CN © 
On cq
ft—\fe © rt ©
ON ©
© ©N_ft © ©'_ft
to) s
NO © © ©
ft—rt oto) © 
©  ©
o  ©N-ft cd ©
ft—© OO© On cq rt
© s
©  CN© o
cd 0 o  0
r t  NO
cn cn
OO fe  
CN ©
CN —  
©  NO 
©  ON
cn
fe
CN
to)
©
©
On
NO
On
fe
CN
oo
ON
NO
ON
cn
© © 
©  ©  
©  ©  
© ©
i  On 
O  t—i 
©  — ' 
© ©
ft—•> 
©  ©  
©  O  
OO ©
ON ©  
NO ©  
—  O
© ©
©  NO 
©  CN 
©  OO
o  ©
CN On 
O  00 
fe  OO
fe  o
CN CN 
ON NO 
©  fe
CN
cn
CN
NO
fe
fe©
c ri
ON
©
rt
cnfe
©©00to)
©  oo 
©  CN 
©  cn 
cd  cd
cn o  
©  ©  © ©
— ©fe © fe ©
r t  ©  
NO ©  
—  ©  
© ©
© © o  © 
©  ©  
©  c ri
40
.9
87
(0
.0
04
)
44
.0
80
(0
.0
01
)
ft—V
to) cn rt On cq n o
ft-s
no  rt 
f e  CN 
•— CO
cri © (N 0
©  s
r t  r t
cn cn
ft—\— t— 
cn n o  
CN CN
s i- i cd__'
?
CN
r t
r t
r t
NO tod
cno
CN
CN
ONcq
©i ©■
ON CN
r t
oo
© ©
NO
r t
rn
O n
©
O n
©
r t
0 0
to)
cri
r t
oo
to)
©
to)
0 0
cn
to)
00
r t■ r ti
©  s  
©  ©  
©  ©
©  oo 
©  CN 
o  —
©  © ©  ©'_ft
ft—
r t  ©  
©  © cq cq
ft—.
cn © © © cq cq
©  ©N—' © o'_'
— s
On ©  rt ©
00 S  00 © to) ©
cd © ©  ©-—ft
ON S
to) ©
CN ©
ft—rt ©to) © 
CN ©
© ©N—ft © ©'—'
o  S  © © © ©
© s  © © © ©
© ©N—ft © ©
ON s  
CN g  
^  O  
fe  ©f  v ft
—  <=> ^  ©
L  ©
fe  r t  
to) oo 
fe  cn  
cd  cd
CN
fe
CN
©
fe
©
NO
©
to)
r t
On
in
—< O  
©  ©  
©  ©  
c ri cd
to) ©  
©  ©  © ©
oo ©  
oo ©  
cn  ©  
© ©
ON ©  
—  ©  
CN ©
cd  cd
o  ©  
o  o  
©  ©  
cd ©
CN S  
fe  g
A  §
©  o
to) g .
©  CN 
r t  r t  
©  oq
©  cd
CN
ON
r t
fe
CN
cd
in
fe
CN
cd
©
oo
to)
r t
O n
fe
O  ©  
©  ©  © ©
© ©
00 ©  
©  ©  
o  ©
OO CN 
r t  oo
r-< o
cd cd
NO o
cn ©  —  o
©  cd
© © 
©  ©  
o  ©
OO ft—
fe  ©  
cn ©  
to> R  
CN ©
—I cn 
©  fe  
©  ON 
© ©
fe
fe
in
CN
fe
m
CN
NO
CN
cd
©
to)
T
—  ©© © © ©
fe  o  
©  ©  
©  ©  
cd cd
to) On 
cn  cn
i— ©
o  ©
oo ©  
(N  ©  
—  o
cd ©
© © 
©  ©  
©  cq 
© ©
1
Xoo H
!_^
©  o cnft^ r in-ft to- ©
d  S ' d
+
fe
m S ' 
9  ocn —c 
in S -
rt
rt
CN
©
cnto-
CN
d
to­
co
ff
©  o  ©  ©  o  ©
cn o  ©  ©  © o
d  d
cn © —< © NO ©
d  d
oo © — ©  
d  9  d  d
o  o  o  o  o  © 
d  d
rtCS
rt
to-inrt
d
soso
cncnoo
feto­
rninoo
— © o  ©  © ©
to- o  ©  ©  o  o
d  d
Os ©  o  o  
<n  ©  
©  d
to- ©  in o  o
o  o  o  © © ©
d  d
~  g  
9  8
SO S  
*° 8  n  8
rt s
rt rt rt m © oo
©
d
soes
OSwn
fe
cnso
cn©oo
© © o  o  o  © 
©  d
to- ©o  © ©  ©
—< cn
cn  rt i-« es 
d  d
n  o  Os © —i o
© © © © o  ©
68
.3
03
(0
.0
00
)
38
.6
72
(0
.0
07
)
to- S '
S l
4—1to- OO i-< o
9  fe
ro S ' OS ©__'
/—SOS ©—ft Qft, 
©  00
rt so" ©  
©  Os
©  d ©  <d
toiCN
inin
rt rt
CN osOso
dt ©i
oosoCN
00to-so
d ©
Os
to­es
into-oo
COinsoin
rtsosoin
cncnoo rtoo
rti rt■
/—i >— ©  o  o  o  ©
4~N ©  ©  ©  ©  ©  ©
d  d1—4 ©  ©
4--ftto- ©  ©  ©  ©  ©
/--1rt ©  ©  ©  ©  ©
©  d d  <d
so P P  to- so©  i-<
^  ©  — ©  
in ©
d  o ^  S '
4—1CN ©  OS o  
1-* ©
4—,to— ©so ©  — ©
d  <d ©  ©'---
4--ft©  ©  o  ©  ©  ©
4--fto  ©  ©  ©  ©  ©
©  d ©  ©■ft_4
mPi
1 ? in S
'o 89  8  
es 8
cn so 
r t  cn  
©  oo
sortCS
so
CSm
©
in
idrtto-in
os
rt
— ©  
o  ©  © o
so o  © © ©  ©  
d  d
in o  ©  o  
© ©
in ©  to- ©fe ©
d  d
©  o  ©  o  © ©
75
.6
37
(0
.0
00
)
95
.5
18
(0
.0
00
)
16
.1
82
(0
.7
05
)
36
.8
04
(0
.0
00
)
70
.9
24
(0
.0
00
)
2.
63
3
(0
.7
56
)
4—1rt to- 
©  r t  ©  os
.—ftos cn so rt cn in
 4-ftOs CN05 O  OO
d  d---4 d  ©-_' ©  ©
OO
cncn
OS©rt
SOin
rt r t rt
r trt
© CN
m
©
©i ©i
d
i
to-socn
©© ©cnoo
© © ©
to­co
Os
CN(Nto­
to­
rn
to­
r t
to­
r n
r tOS
to-in
d
0 0
to-in
Ossoto­
CO©oo
©
©
CO
f f rt"i f f
©  o '  ©  ©  ©  ©
r-< o '  
©  o  ©  ©
4--ft©  ©  o  ©  
9  9©  d1—4 ©  di_^ d  d
4~1OO o  ©  ©  ©  ©
4—1OO ©  ©  ©  ©  ©
cn ©  ©  ©  ©  o
d  d1_4 ©  © d  8
4—1oo rt cn ©  CN ©
4--ftcn cn ©  rt
9  8
4--ft1-1 ©  
©  ©  fe  ©
©  ©'--4 d  d d  <d
OS S 'CN ©  1— ©
to- cn" os ©  ©  ©
Os S 'CN ©  fe c>
©  d---4 ©  ©ft_4 ©  ©
©  S '  ©  ©  ©  ©
/—fto  ©  o  ©  ©  o
©  S '  ©  ©  
9  9©  ©---4 ©  ©'—- d  c j
P^ £ p?
^  §  
9  8
S  e
to- S
rt e
to- Os 
©  r tes so 
d  d
rtes
to­
rn
to­co
cn
d
Osinrt
Oscnooin
Osrt
oo
— © ©  ©  o  o  
d  d
to- ©  ©  ©  ©  ©
-ft o
rt ©  es o  
d  d
so o  
rt oi-i o
©  ©  ©  ©  o  ©
d  d
8  © 
9  8  
NO S '
oo S '
9  8
^  d  cn w
oo r t  I— os © oo
d  d
o©so
rt
rtto-
Osines
©
©00
Os
in
Os
cnin
cn
ooso
©  cn ©  ©  © es 
d  d
rt ©  o  ©  ©  ©  
d  ©
oo r t  
r t  r t1—i ©
es ©—ft m
T—t fed
d  ©
© © ©  ©  ©  ©  
d  ©
55
.4
49
(0
.0
00
)
49
.9
58
(0
.0
00
)
36
.6
59
(0
.0
00
)
23
.2
85
(0
.0
00
)
in ©  m ©  rt in
©  rt©  OS
©  os
d  d . ©  ©1--4
oo
CN
oo
oo
CN
so
rt r t
n
rt
OsrtCN
©i ©i
cn
rt moort
© ©
sortin
inSOSO
crirtrtm
dcn
rtin
rtCNto­ CNfe
rt rti
— S '  ©  ©  ©  ©
©  s©  cn ©  ©
d  d d  o
4--ftrt ©  ©  ©  o  ©
cn S '  ©  ©  ©  ©
d  © d  d
4—1m rt rt in
9  9
4--ftto- ©  to- ©  m  ©
d  © ©  ©I—4
4—1 ©  ©  ©  ©  —ft ©
SO S  ©  ©  i—i O
d  d d  d
©  S '  ©  ©  ©  ©
©  S '  ©  ©  ©  ©
©  © d  d
p?
9  I
£  p .
Os cn 
cn in  
© ©
rtesin
CN
d
Os
CNrt
©
OOto­
ff
o  ©  ©  ©  ©  
©  d
rt © o  © ©  ©  
d  ©
rt o  
cn o  
fe 9  d  d
os © 
Os ©  ©  ©  
d  d
© © o  o  o  o
CQ X
$fe
Ta
ble
 5
.9 
(3)
 E
sti
m
at
es
 a
nd 
di
ag
no
sti
c 
sta
tis
tic
s 
of 
VA
-G
AR
CH
 
(1
,1
) 
m
od
el 
for
 i
nd
ivi
du
al 
eq
ui
tie
s: 
Gr
ou
p 
BI
+
iS
(O
O
O
’O
)
0
6
6
'6
6
4
8
.3
9
5
(0
.0
0
0
)
9
8
.0
2
2
(0
.0
0
0
)
3
5
.2
5
7
(0
.0
0
0
)
1
4
.0
3
9
(0
.0
1
5
)
2
1
.3
8
7
(0
.0
0
1
)
/—V
ON CO 
©  CN
9  °>
/-ft
CN ON 
co in  
©  00
CN oo
©  tft
in  Nt
©  © ©  ©N_/ cri ©
NO
Cft
00
CN
Nt
oo
ON
On
Nt Nt Nt
©
Nt
©
ON
tft
Nt
©
CN
©1 ©1 ©■
CO
CN
CN
VO
CN
in
tft
Nt
© © ©
©
Nt
Nt
On
NO
ON
©
in
ON
On
co
O
Nt
O
Nt
Nt
©
©
Nt
co
oo
CN
CN
CO
9
tft
ON
CN
Nt
1 Nt1 Nt1
/—\ 
©  CN 
©  ©  
©  ©
/•—, 
—  o  
©  ©  
©  o
©  S '  
©  ©  
O  -ft
©  ©'_' ©  © ©  ©'—/
m  S '  
©  ©  
©  ©
Nt S '  
©  ©  
9  9
/—s
CO 9  
©  ©  
©  o
®  B ©  © ©  ©
/—\ 
CO -ft 
Nt tft 
O  -ft
/--V
On Cft 
NO Nt 
©  ©
/-ft
m  cn
Nt ©  
CN ©
©  ©, ©  © O  ©
©  S '
oo ©  
—  ©
/—s
CN ©  
On ©
9  9
/-ft 
—< ©  
co ©  
CN ©
©  oft/ ©  © o  o
—i S '  
©  ©  
©  o
O  S '  
©  ©  
©  ©
©  S '  
©  ©  
9  9
cri © ,
®  B ©  ©ft--
6
1
.4
5
7
(0
.0
0
0
)
1
7
0
.8
1
4
(0
.0
0
0
)
1
2
2
.0
6
4
(0
.0
0
0
)
2
1
.5
5
0
(0
.0
0
1
)
4
9
.4
0
6
(0
.0
0
0
)
5
3
.7
1
1
(0
.0
0
0
)
CN ©  
in  cN 
9  9
©  CO 
CO NO
9  9
NO -ft
CN tft
©  OO
©  © ©  ©'—/ o  o ,
00
©
9
ON
I"--
CN
m
CN
in
Nt ND Nt
On
CN
9
CO
NO
Nt
CO
©1 ©1 o
CO
Cft
NO Nt
CN
© o ©
©
oo
Nt
On
OO
9
©
tft
©
ON
©
Nt
00
Cft
in
in
CN
NO
NO
m
©
ON
9
CN
Nt
9
CN
tft
Nt
1 Nt1
Nt1
/—V
CN ©  
©  ©  
©  ©
/-ft
©  9  
©  Cft
9  9
—  S '  
©  ©  
o  ©
©  © ©  ©
i—* ©  ©^
Nt S '  
©  ©  
©  ©
/—
CN ©  
©  ©  
9  9
/—V
CN ©
o  ©  
o  ©
O  © ©  ©ft-- ©  ©  'ft/
/—ft
NO ©  
©  ©  
—i O
/-ft
Nt 9  
CO ©  
©  NO
OO NO 
ON CO 
©  ©
©  ©, ©  ©  —' ©  ©^_/
m  S '  
©  ©  
CN ©
/ft.
Nt ©  
CO ©  
—  ©
CO o  
Nt ©  
-ft ©
©  ©, ©  © o  o ,
/-ft 
©  ©  
©  ©  
9  °
©  S '  
©  ©  
©  ©
©  S '
o  ©  
©  ©
©  ©
v—/ o  o ©  ©ft/
ft
p-
1
1
4
.8
6
2
(0
.0
0
0
)
5
8
.8
4
8
(0
.0
0
0
)
1
1
9
.9
1
1
(0
.0
0
0
)
2
0
.5
0
6
(0
.0
0
1
)
1
6
.5
9
2
(0
.0
0
5
)
5
6
.0
9
4
(0
.0
0
0
)
/—\ 
CN OO 
Nt in
9  9
/—V
CN ON 
OO NO 
-ft NO
CO oo 
©  m  
©  On
©  ©, ©  © ©  O
in
©
Cft
9
NO
CN
©
NO Nt Nt
Cft
Nt
CN
ON
CO
CN
©1 ©1 O1
CNoo
in
iO
VO
Nt
NO
CN
© o ©
ON
Cft
Nt
CO
IN
tft
co
NO
in
NO
CN
tft
m
On
in
CO
in
NO
OO
9
in
NO
Cft
NO
©
Nt
Nt
1 T Nti
©  s
©  -ft 
©  -ft
/—. 
—  ©  
©  ©  
9  9
©
©  -ft 
©  ©
©  © ©  © ©  ©  ft/
o  o  
©  ©
/--s
—  ©  
©  ©  
9  9
/—s
Nt ©  
©  ©  
©  ©
©  ©  ft/ ©  ©ft/
©  ©ft/
/—N
oo in  
ON ©  
CO ©
/-ft
CN ©  
©  ©  
CO ©
ON S '  
-ft tft
©  \r)
©  © ©  o 9  o
/—\ 
Nt ©  
OO ©
-ft ©
/-ft
Nt ©  
NO ©
-ft ©
in  ©  
Nt ©
-ft ©
©  ©^ ©  ©
ft/ o  ©^
g  o  
©  ©
©  S '  
©  ©  
©  ©
-ft S '  
©  ©  
©  ©
o  o
'—/
o  cri ©  ©ft/
Cft S '  
9 1
£  e
o  S 'm g
9  g  
£  B
— os
co m  
©  oo
oo
in
CN©
tftNt
NtNO
CN
inr-
C O>n
O N
N t
Nt
r-< ©© © © © cri ©
N t  ©  
©  ©  © ©
in  on 
©  On © oq
© ©
CN ©
2  g
© © © © © © 
© ©
©ON g
9  ©
On B
IN00
NO
S i
2 <=> NT ft/
fft NO 
—  NO
oo co 
© ©
CN
CN
9
C O
CO —  
ON NO 
—« NO
tft
Nt
Cft
ON
©
NO
Cftin
©
On
ON
oo
in
CN
Nt
©
CN
©
in
co
9
NONt
N tin
IN
N t
o  © 
©  ©  
9  9  © ©
CN ©  
©  ©  o  ©
oo ©
ON ©  
co ©  
© ©
OO © 
Cft ©  — ©
© ©
© © © © o  ©
© ©
CN ©  
©  ©  © ©
Nt ©o o © © 
© ©
tft -ft
On ©  
©  ©  
© ©
CN ©  
CN ©  —< O
© © © o  © o
© ©
fe W cn
fefecn
OX
oo
+8
6
.9
7
6
(0
.0
0
0
)
6
9
.8
6
2
(0
.0
0
0
)
5
5
.1
5
0
(0
.0
0
0
)
5
6
.1
7
2
(0
.0
0
0
)
5
2
.0
5
7
(0
.0
0
0
)
6
7
.2
2
3
(0
.0
0
0
)
1
0
.7
2
5
(0
.9
5
3
)
6
2
.9
1
0
(0
.0
0
0
)
3
7
.6
1
8
(0
.0
0
0
)
1
9
.7
8
3
(0
.0
0
1
)
1
2
.4
8
0
(0
.0
2
9
)
1
6
.3
2
8
(0
.0
0
6
)
1
4
.1
5
0
(0
.0
1
5
)
2
9
.7
7
7
(0
.0
0
0
)
0
.8
6
4
(0
.9
7
3
) (0
0
0
*
0
)
IL
V
6Z
CN 00 
r t  <i 
NO ©
oo —  
NO oo
fe  p
.—-> 
in  oo
to) CN
On NO 
—  On 
fe  cn
©  cn 
O n NO
—  p
NO NO 
NO ©  
CN NO
NO NO 
NO NO 
io  r t
r t  r t  
«o —  
CN Nq
to) cd cd ©-—ft
—  o
'—ft o  ©_ ©  0 ©  0 ©  ©'—ft cd ©
©
r t
CN
NO
NO
CN
cn
cn
s
to)
fe
CN
fe
ON
p
cn
©
fe
r t
r t r t r t r t to) r t NO r t
cn
On
©
©
CN
cn
ON
CN
©
r t
NO
NO
r t
CN
©
©
©
cn
NO
CN
©i cdi cd ©i © 9 © ©i
to)
©
oo 
©  
1—1
cn
NO
to)
cn
CN
to)
©
cn
fe
ON
CN
©
NO
fe
NO
p
cd cd © cd cd © © cd
CN cn
fe
to)
fe
r t
CN
fe
©
©
NO
©
cn
On
r t
fe
fe
r t
cn
cn
iq
?
NO
to)
NO
NO
NO
NO
fe
to)
cri
r t
fe
to)
CN
NO
cn
NO
r t
NO
fe
fe­
rn
NO
fe
NO
r t
NO
NO
©
fe
o
©
fe
fe
cn
fe
cn
NO
fe fe
NO
fe
©
m
fe
©
OO
T r tI r ti T r t r ti T r t■
©  o '  
o  ©  
©  ©
ft—\ 
—  ©  
©  ©  
©  ©
ft—s 
©  ©  
©  ©
p  p
CN S  
o  ©
©  p
©  S '  
©  ©  
©  ©
ft— 
—  ©  
©  ©  
©  ©
©  — ' 
©  ©  
©  ©
ft—
—  o  
o  ©  
©  ©
cd cd
'_'
cd cri o  o , ©  ©-—ft O  0 ©  0 ©  ©—ft cd 0
©  fe  
o  ©
ft—\
NO ©  
O  ©  
©  ©
r t  S '  
©  ©  
©  ©
ft—
to) o  
©  ©  
©  ©
ft—
CN ©  
©  ©  
©  ©
,—, 
CN ©  
©  ©  
©  ©
t—i C35 
©  ©  
p  ©
—  S '  
©  ©  
o  ©
cd ©, cd cd'—ft cd cd ©  0 ©  ©>—' cd ©—ft cd o— ft ©  0
10 S '  
9  £
ft—s 
—  00 o  CO 
P  ON
ft—
NO ©  
cn o  
r t  ©
ft—
—  oo 
fe  ©  
p  ©
ft—
cn r t  
cn cn 
p  no
ft—
—  »o 
«o fe  
©  p
ft--V
cn ©  
—  ©  
p  ©
NO S '  
—  ©  
—  ©
9  s 9  e ©  0 ©  cri ©  ©'_ft cd cd ©  0 ©  ©'—ft
©  cn 
On ©  
o  ©
ON S '  
©  ©  
i*  ©
ft—-
fe  o  
CN ©  
1  O
ft—  
—  ©  
r t  ©
H  ©
ft—
CN ©  
fe  ©  
CN ©
ft—.
NO ©  
r t  ©  
CN ©
fe  S '
r t  ©  
p  ©
ft—
NO ©  
r t  ©  
CN ©
©  cd'—ft ©  © o  © ©  0 ©  © ®  9 - ©  ©—ft ©  ©
.—. 
—  o  
o  o
p  ©
ft—  
©  ©  
©  ©  
©  ©
ft—\ 
©  ©  
©  ©  
o  ©
ft— 
©  ©  
o  ©  
©  ©
O  S '  
©  ©  
©  ©
ft—  
©  ©  
©  ©  
©  ©
©  ©  
o  ©  
©  o
ft—'
o  o  
©  o  
©  ©
cd cd d  S cd © cd ©__' ©  © ©  © o  ©—ft cd 0
d 1 >
>
d ' P'
NO os rt os 
©  ON
o  oo 
CN oo 
r t  fe  
cri ©
c n  mco fe © fe
ONrt
ONrt
fe ­
ed
cnrtfert
rt
rt
o  © © © © ©
cn ©  
©  ©  
©  ©  
cd cd
£  fe  
P  cn 
9  cri
m o  oo © 
—. p
cd ©
— © © © © ©
4
2
.1
7
1
(0
.0
0
3
)
1
0
.0
6
9
(0
.9
6
7
)
1
3
.3
0
6
(
0
.0
2
1
)
1
.0
7
4
(0
.9
5
6
)
0
.0
6
4
(
0
.8
0
0
)
0
.3
3
7
(0
.5
6
2
)
fe
NO
f e
r t 9
.9
0
2
-0
.1
6
0
0
.3
4
8
0
.1
3
9
0
.5
2
9
4
8
2
5
.5
6
6
4
7
7
4
.8
9
8
-4
.4
9
0
-4
.4
4
4
0
.0
0
2
(0
.0
0
0
)
©  ©  
©  ©  
©  ©
©  ©
— ft
0
.0
0
2
(0
.0
0
0
)
0
.0
0
2
(0
.0
0
0
)
-0
.0
0
8
(0
.7
4
4
)
0
.2
3
5
(0
.0
0
0
)
0
.1
4
7
(0
.0
0
0
)
0
.2
9
4
(0
.0
0
0
)
/—\ 
©  ©  
o  ©  
o  p  
©  © 0
.0
0
0
(
0
.0
0
0
)
S I
On /—SNto) NO
ft—\ 
© 00
NO ©© fe
©
p cq
NOT—t ©'—'
r t
CN ©
r t
CN
in  —  
—  co
©  ON
cd ©
NO r t ©
© oo NO
p p NO
r t NT) r t
On NO fe
NO i— ON
C! r t CN
© © ©
Onfe
CN
cd
ONto)
m
O n
oo
oort
m
to)
rt
cn ©  
©  ©  
©  ©  
cd cri
cn ©  
©  ©  
©  ©  
© ©
NO n  
—  ©  
—  ©  
cd cd
cn ©  NO o
T— O
o  ©
o  o  
©  ©  © ©
£  g
9  o  
rt s
© 00 
cn oo 
fe  —
—  cd
Q
X
ca
O CO
v-J
CO
CN
cd
CNfert
od
CN
fe
to)to)
rt
o  © © © © ©
cri cri
r t  ©  
o  ©  
©  ©  
cri cd
© un © oo
9  P .
cn ©  
cn ©  
<N ©
© cd
— © © © o  ©
o  cd
3c4
CO
cn cn on fe 
fe  cn
fe ­rn
CN
cd
NO
in
rt
in
O nto)to)rt
—  o  
©  ©  © ©
cn ©  
©  ©  © ©
NO CN 
©  —  
©  OO
—I o
cn ©  
cn ©
© © 
o  o  
©  ©  
cd cd
+
5S
fe
OO oo 
r t  CN — oo
CN Os 
to- to- 
—, cN 
fe d
Os
wn
cn
d
cn
Os
SO
©
O s©
wn
to-!©rtin
©
osin
rt
© © © © 
©  ©  
d  d
cn —< 
©  ©  o  © 
© ©
oo © •n © rt © 
© ©
© © © © © ©
©  d
fe © 9  ©
00 d  wn 8
rt fe"
00 to- 
in  i—i 
so r t
©to-CN
rt
inrtrt
©
rt
in
cn
to-©
in
©
cn
sq
rt
<N © © © © © 
© ©
CN ©  
©  ©  © ©
O S  ©
cn ©  
CN ©
d  d
© © © © 
©  ©  
©  d
1
0
7
.5
5
3
(0
.0
00
)
6
8
.1
3
3
(0
.0
00
)
1
0
8
.8
7
2
( 0
. 0
00
)
6
6
.0
9
5
( 0
. 0
00
) ( 000
' 0
)
s
n
’i9
7
8
.3
0
1
(
0.
00
0)
4
7
.8
4
6
(0
.0
00
)
6
1
.8
1
8
(0
.0
00
)
9
1
.6
9
3
(0
.0
00
)
8
1
.6
5
9
(0
.0
00
)
4
8
.6
8
0
(0
.0
00
)
5
6
.8
3
9
(0
.0
00
)
4
8
.9
6
7
(0
.0
00
)
s  g0
fe  d  cn 8 39
.5
7
6
(0
.0
00
)
2
5
.6
0
9
(0
.0
00
)
1
9
.9
4
1
( 0
. 0
01
)
£  g  
9  ©
ro 8 4
.2
9
7
(
0
.5
0
7
)
1
8
.1
8
8
(0
.0
0
3
)
2
5
.6
5
8
(0
.0
00
)
3
7
.2
4
3
(0
.0
00
)
6
.3
3
9
(0
.2
7
5
)
1
4
.9
4
2
(0
.0
11
)
,—. 
SD —< 
OS 00
r t  r t
4—. 
—  Os 
to- to­
ft—1 so
4—.00 ©
OO CN 
os cn
cn t— 
os r t  
in  r t
wn r t
cn *—
—  fe
4—ft
m  ©  
cn to­
rn wn
4—>.
to- co 
r t  cn 
©  00
Os —
so ©  
©  cn
<N 
O  ©  
t> rt
4~ft
to- r t  
to- to­
ft— so
4—1
Os ©  
CN CN 
fe  fe
r t  os 
os wn 
©  fe
©  d ©  © d  d
ft—' ©  d . d  dft—4 ©  © d  8 fe  d d  ©ft—4 d  d ©  dft—4 ©  ©ft—
00
n
so
so
r t
to-
so
cn
CN
CN
r t
r t
CN
CN
CN
©
CN
wn
9
so
SO
©
CN
9
wn
wn
CN
CN
m
r t r t r t r t in r t r t cri SO r t wn wri
cn
©
cn
CN
cn
cn
CN
so
en
r t
SO
r t
©
Os
CN
r t
OS
CN
so
cn
r~
m
Os
CN
wn
to-
CN
r t
CN
r t
cn
to­
wn
d1 ©1 ©1 ©1 ©1 ©1 d1 d1 ©1 d1 ©1 ©■
Os
©
CN
00
m
fe
r t
to­
r t
©
Os
cn
©
CN
cn
©
wn
CN
CN
©fe
00
CN9
CN
©
in
m cn
so
OS00
CN
© © d © © © d d © d © d
cn00
cn
SO
r t
r t
to~
Os
to­
wn
cq
wn
CN
wn
to­
wn00
©
OS
SO
so
r trt
©
©
CN
OS
CN9
©
©
9
SO
cn
wn
os
r t
CN
so
os
r t
Os
cn
Os
r t
©
©
©
in
SO
OS
©
wn
s
wn
d
to­
wn
©
to-
CN
wn
d
©
Os
r t
r t
r t
Os
r t
os
m
Os
r t
CN
OS
OS
r t
os
in
r t
so
©
in
Os00
r t
r t
r t
wn
CN
Os
CN
to­
r t
cn
wn
wn
cn
Os
cn
r t
wn
©
r t
wn
r t
r t
r t
r t
CO00
r t
f f r t1 r t1 r t■ r t1 r t■ r t1 f f r tT r t1 r t1 r t1
©  s  
©  ©  0  ©
/—I  
ft— O  
©  ©  
©  ©
©  o '  
©  ©  
©  ©
4—ft
CN ©  
©  O0  cq
4—1 
©  ©  
©  ©  
©  ©
4—ft 
—. ©  
©  ©  
©  ©
4—ft0  ©  
©  0  
©  ©
cn ©  
©  ©  
©  q
4—-
©  0  
©  ©  
©  ©
CN S '  
©  ©  
©  ©
©  S '  
©  ©  
©  ©
4~ft
<N ©  
©  ©  
©  ©
d  d d  ©_ ©  ©ft—/ d  d>— ' d  d_ d  8
d  <d d  d■—4 ©  d d  <d ©  d . ©  d .
r t  o '  
©  ©  
©  ©
cn ©  
©  ©  
©  ©
4—ft
cn ©  
©  0  
©  ©
cn ©  
©  ©  
©  cq
to- S '  
©  ©  
©  ©
4—1
so ©  
©  ©  
©  ©
rt S  
©  © ' 
q  q
4—ft
wn ©  
©  ©  
©  ©
CN S  0  ©  
q  ©
4—. 
CN O  
O  ©
©  q
4—ft
r -  0  
©  ©  
©  ©
4—ft 
—  ©  
©  ©  
©  ©
d  d d  d d  d'—/ d  dft—' d  8 ©  d'_4 ©  d d  d'—' ©  ©ft_/ ©  d d  8 d  8
so Cri
©  os 
©  00
cn 00 
c— 00 
©  ©
4—ft
CN ©  
so ©  
cn cq
4--ft
Os ©  
O  ©  
CN ©
4—1
CN CN 
CN OS
4—ft
cn r t
to- ft— 
©  1—
4— ft
to -  ©  
—  ©  
wn ©
4—ft
CN O  
r t  ©
— i ©
8  fefe  Os
9  to­
4—1
so wn
©  fe
4-ft
cn ©  00 ©  rt ©
CN S '  
wn ©•— q
d  8 d  d d  <d ©  © d  ©ft—' ©  d d  d d  dft—/ r i e . ©  ©'— ' 0  ©^ ©  ©
/-I
cn ©  
©  ©  
CN ©
m  SCO ©ft— Ci
CN S '  »— ©  
CN ©
—  s00 ©
ft— ©
4—100 0  
Os ©  
—  ©
4—ft
so ©
to- ©  
fe  cq
wn S '  00 ©
r— ©
so S00 0
ft— ©
wn S '  
—  ©  
cq
4—s
Os ©
rfe O  
—  ©
4—ft00 ©  
rt ©
fe  ©
4—.
to- ©  
cn ©  
—< 0
d  © d  d . ©  d d  d d  d ©  © d  dft—- d  d , d  d , d  0 ©  © d  ©ft—4
/—n—< 0  
©  ©  ©  cq
4—ft 
©  ©  
©  0  
cq 0
©  S '  
©  ©  
©  ©
4—%0  ©  0  ©  
©  ©
4—1—1 0  0  ©  
cq ©
©  S '  
©  ©  
©  ©
4—ft 
©  ©  
©  ©  
©  ©
4—ft ©  ©  
©  ©  
©  ©
4—ft 
—  ©  
©  ©  
9  9
4—ft 
©  ©  
©  ©  
©  ©
4— ft ©  ©  ©  ©  
9  9
4— ft
©  0  ©  0  
©  ©
d  d , d  ©
®  8 ©  d d  d . d  dft—4 d  d d  co d  8 d  ©^ d  d , d  ©
> p? ft*> IN ft-i
fe
C/3
O
>
C/3
£X
fe
C/3
Ta
ble
 5
.9 
(4)
 E
sti
m
at
es
 a
nd 
di
ag
no
sti
c 
sta
tis
tic
s 
of 
VA
-G
AR
CH
 
(1
,1
) 
m
od
el 
for
 i
nd
ivi
du
al 
eq
ui
tie
s: 
Gr
ou
p 
B2
1
5
2
.7
0
7
(0
.0
0
0
)
1
5
6
.3
8
3
(0
.0
0
0
)
8
8
.5
5
1
(0
.0
0
0
)
1
0
5
.2
4
4
(0
.0
0
0
)
1
1
3
.2
5
0
(0
.0
0
0
)
3
9
.9
2
7
(0
.0
0
0
)
CO oo 
Cft oo
9  9
/ ft  
O n Nt 
NO ©
9  9
/-ft
CN NO 
O n ©  
Nt ©
©  ©  ft-- ©  © fe  ©N_'
Nt
Cft
oo
m
Nt
©
Nt
co
9
Nt in Nt
co
co
©
©
©
r—<
Nt
©
© © O
tft
Cft
oo
co
©
OO
in
9
© o o
CN
NO
oo
oo
ON
Nt
NO
oo
9
NO
NO
ON
m
NO
ON
©
NO
fe
m
©
NO
CN
Cft
On
©
OO
©
CN
m
©
Nt1 ir ii ir ii
/—•. 
©  ©  
©  ©
9  9
/—•> 
-ft o  
©  ©  
©  ©
/-ft 
©  ©  
©  ©  
©  ©
©  ©, ©  ©ft / ©  ©N_/
/--\
NO ©  
©  ©  
©  ©
/ ft
NO ©  
©  ©  
©  ©
/--V
CO ©  
©  ©  
©  ©
©  ©
ft/ ©  ©N_/ O  0
On S '  
m  tft 
©  CO
oo s '
CN fe.
9  p
/—■. 
NO ©  
CO ©  
Nt ©
©  ©ft / 9  © ©  ©N_/
/-ft
oo ©
-ft ©
-ft ©
/— 
NO CO 
NO -ft
9  °
/“ft
CO ©  
CN ©  
CN ©
©  © ©  © ©  ©N_/
/--S
©  ©  
©  ©  
©  ©
/ ft  
©  ©  
©  ©  
©  ©
/--.
o  ©  
©  ©  
©  ©
©  0 ©  ©
n- / o  os_/
fe fe fe
c n  / f t
in  ©  
On ©
fe 9  —< ©
CO S '
m  g
9  g  
fe B
nc in  
in  ©  © co
Onm
Nt
Nt
CO
NO©©
Cft
CN
CO
in
Cft©
On©CN
NO
CN ©  
©  ©  © ©
CO ftftI 
©  ©  © ©
© ©
oo © 
On ©-ft ©
On ©  
CN ©i-i © 
© ©
© © © o  © o  
© ©
© oo
ON Nt 
NO Cft
CN ©
-ft NO
OO tft 
©  Cft 
© ©
NO
CN©
Nt
NO
CO
Cft
©
Cft
CO
NO
©
ON
ON
OO
NOin
moo
NO
© © © © © © 
© ©
CO CN 
©  ©  © ©
O © 
CO ©  
Nt ©  
© ©
On ©  On © -ft o
© © © © © ©
oo S
CN g
9  o  
crioo g /
2 8  
i  1.
CO NO © in 
©  On
m
Cft
Nt
in
©
©
©©
9feCN
CftCN
OO
-ft O  
©  ©  
©  ©  
©* ©
NO ©  
©  ©  
©  ©  
© ©
CN O  
CN Nt 
©  NO
ON CO (ft © © O 
© ©
© © o  © © © 
© ©
ft. /ft
9  Nt
8  B
©  ftft 
Nt Nt 
CN ON
CN Nt —i CO 
VO Nt 
© ©
Nt
NO
CO
l>
©
CN
ON
ND
Nt
fe
NO
Cft
in
ON
Cfto
Nt
© o  © © © ©
CO Cft 
©  ©  
9  9  cri ©
Cft © 
i—t <oin © © ©
in © Cft o
4-1 9  © ©
© © © o  © © 
© cri
S' 
9  g  
2  B
00 oo 
CN NO© oo
Nt00
in
9©
©
COCN
©
©©
ON
OOm
CN © © © © ©
m © © © 
9  9  © ©
in cn CN © — ©
in o  © © -ft O
© cri
o o  © © © ©
© ©
CN S' 
oo g
9  g  
8  B
2: S' 
9  g  
fe B
CN ©m cn
O  OO
oo
NO
Nto
COo
N t
Cft
9
00oo
in
29
Nt
© © © © © © 
© ©
NO ©  
©  ©  
9  9  o  o
©  ON
cri ©
co © © © CN ©
© © © © © O
9
6
.5
5
9
(0
.0
0
0
)
3
6
.2
2
5
(0
.0
1
4
)
5
8
.0
8
2
(0
.0
0
0
)
3
8
.5
2
3
(0
.0
0
0
)
4
.0
7
1
(0
.5
3
9
)
2
2
.6
3
4
(0
.0
0
0
)
/-ft
NO C-~- ©  CO ©  On
/ ftCO o  
©  NO 
©  ON
m  m
NO 00 
-ft NO
©  © ©  cri■w/ ©  ©
COOOoo
Nt
CN
Nt
©
Nt9in NO >ri
CO1—H©
Nt
NO
CN
t~©
cri © ©i
©©
9
ON
ND
Ntin
CN© © o
CN
NO
©
NO©
COinCO©OOOnin
fe
Nt
Onm
NO©
NO
oo
Nt©
©
CN
9
inin
ini ini iri■
/-ft -ft Oo  ©  ©  ©
©  S '©  o  
9  9
/ft
CN ©  o  ©©  p
±  B ©  © o  ©f t/
m  S '  o  o  
©  ©
Nt S '  ©  ©  
9  9
/-Vin ©  ©  ©  ©  ©
©  o ©  0 ©  ©
__’
in in co -ft 
9  9
—ft ©  
Nt ©  
Nt P
/ ft
©  o
CO ©
ftft O
©  ©N_/ ©  © ©  ©
in  S '
ND ©  
-ft p
ON S '
Cft O  
-ft ©
Nt S '
CN ©
ftft ©
cri ©N_/ ®  B ©  ©ft/
/ f t  
©  ©  
©  ©  
©  o
©  S '  
©  ©  
9  9
/ ft  
©  ©  
©  ©  
9  9
©  o ©  0 ©  0
fe
-I
p-
>
>WQ
O>- Q
A
R
C
H
 
LM
 
(2
0
)
3
3
.4
7
2
(0
.0
3
0
)
1
0
9
.0
0
4
(0
.0
0
0
)
1
8
.9
1
0
(0
.5
2
8
)
7
1
.9
7
2
(0
.0
0
0
)
8
1
.6
0
6
(
0
.0
0
0
)
7
9
.3
1
6
(
0
.0
0
0
)
2
8
.4
1
9
(
0
.1
0
0
)
7
0
.7
8
4
(0
.0
0
0
)
6
0
.8
5
6
(0
.0
0
0
)
1
0
9
.3
8
8
(
0
.0
0
0
)
5
2
.4
6
9
(0
.0
0
0
)
9
8
.2
5
2
(0
.0
0
0
)
1
9
.2
5
1
(0
.5
0
6
)
5
6
.0
7
9
(0
.0
0
0
)
©
§
J
32
U
X
<
6
.7
5
9
(
0
.2
3
9
)
5
2
.9
3
8
(0
.0
0
0
)
1
.5
4
2
(0
.9
0
8
)
3
2
.3
3
6
(0
.0
0
0
)
6
0
.8
9
5
(0
.0
0
0
)
5
1
.7
3
6
(0
.0
0
0
)
1
1
.5
9
9
(0
.0
4
1
)
5
0
.7
0
5
(0
.0
0
0
)
2
7
.0
7
4
(0
.0
0
0
)
6
5
.4
2
1
(0
.0
0
0
) (9
0
0
*
0
) 
96V 
91
3
9
.9
3
5
(0
.0
0
0
)
1
.3
2
8
(0
.9
3
2
)
7
.5
3
9
(0
.1
8
4
)
■*—(
S
j
32
U
02
<
0
.2
1
9
(0
.6
4
0
)
0
.0
7
2
(0
.7
8
9
)
0
.2
0
2
(0
.6
5
3
)
0
.2
3
3
(0
.6
2
9
)
1
1
.5
8
3
(0
.0
0
1
)
9
.2
1
7
(0
.0
0
2
)
0
.0
5
4
(0
.8
1
7
)
4
.6
2
0
(0
.0
3
2
)
0
.6
7
5
(
0
.4
1
1
)
0
.3
5
8
(0
.5
5
0
)
5
.2
5
7
(0
.0
2
2
)
0
.0
5
0
(0
.8
2
3
)
0
.0
1
8
(0
.8
9
3
)
0
.0
6
5
(0
.7
9
9
)
<<
1
1
.9
8
7
6
.1
5
3
1
2
.6
7
9
6
.0
8
4
5
.0
9
9
5
.0
8
3
4
.8
2
8
5
.0
6
2
6
.3
9
9
5
.3
5
9
5
.4
7
5
5
.1
4
1
1
1
.2
4
7
7
.7
4
9
-0
.9
3
3 rt
o
toi
©■ -0
.9
8
9
-0
-.
6
6
7
0
.0
0
2
-0
.1
5
6
-0
.0
8
7
-0
.3
5
6
-0
.1
9
1
-0
.1
8
2
-0
.2
0
8
-0
.2
7
2
0
.6
9
2
0
.2
5
4
+
« 0
.2
9
6
0
.2
0
9
0
.7
3
2
0
.3
4
1 ONcn
©
©■ 0
.1
2
7
0
.6
5
7
0
.2
8
9
0
.2
5
4
1
9
0
*
0
0
.5
4
5
0
.2
4
7
0
.4
9
0
0
.2
3
0
as
5
5
4
5
.9
9
4
5
6
3
7
.3
6
0
5
5
7
1
.6
5
1
5
7
0
9
.1
1
2
5
8
6
7
.7
4
8
5
9
8
0
.0
3
0
5
9
3
8
.7
9
1
6
0
6
4
.0
6
5
5
8
4
8
.1
5
6
5
9
5
7
.6
3
5
5
9
1
5
.8
6
8
6
0
2
3
.6
1
4
5
5
8
4
.2
5
8
5
7
3
4
.9
9
8
A
I
C
-
4
.7
9
4
-
4
.8
7
4
-
4
.8
1
7
-4
.9
3
6
-4
.8
9
3
-4
.9
8
7
-4
.9
5
2
-5
.0
5
7
-4
.8
5
8
-4
.9
4
9
-4
.9
1
9
-5
.0
0
8
-4
.6
0
4
-4
.7
2
9
0
.0
0
0
(
0
.0
0
0
)
0
.0
0
1
(
0
.0
0
0
)
0
.0
0
0
(
0
.0
0
0
)
0
.0
0
2
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
1
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
2
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
1
(0
.0
0
0
) (0
0
0
*
0
)
0
0
0
*
0
0
.0
0
1
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
1
(0
.0
0
0
)
Ps.
to) ©  
©  ©  
©  ©
4=5 s
0
.0
0
6
(0
.0
0
0
)
0
.0
0
2
(0
.0
2
3
)
0
.0
0
6
(0
.0
0
0
)
0
.0
0
3
(0
.0
5
3
)
r t  ©  
©  ©  
©  ©  
©  o 0
.0
0
5
(0
.0
0
0
)
0
.0
0
4
(0
.0
0
0
)
0
.0
0
6
(0
.0
0
0
)
0
.0
0
6
(0
.0
0
0
)
0
.0
0
4
(0
.0
0
0
)
0
.0
0
4
(0
.0
0
0
)
0
.0
0
7
(
0
.0
0
0
)
0
.0
0
6
(
0
.0
0
0
)
e x
0
.1
4
1
(0
.0
8
4
)
0
.0
1
0
(0
.7
5
6
)
0
.5
9
6
(0
.0
0
0
)
0
.1
1
6
(
0
.0
0
1
)
-0
.1
0
2
(
0
.0
5
3
)
0
.0
4
8
(
0
.6
5
8
)
0
.5
0
0
(0
.0
0
0
)
0
.1
8
4
(0
.0
0
0
)
0
.0
6
2
(0
.5
0
7
)
-0
.0
6
3
(0
.0
0
0
)
0
.2
4
7
(0
.0
0
0
)
0
.0
8
5
(0
.0
3
0
)
0
.2
9
4
(0
.0
2
8
)
0
.0
9
1
(0
.1
8
5
)
55
0
.1
5
5
(0
.0
0
0
) (0
0
0
*
0
)
6
6
1
*
0
0
.1
3
6
(0
.0
0
0
)
0
.2
2
5
(
0
.0
0
0
)
0
.0
6
4
(0
.2
8
2
)
0
.0
7
9
(0
.0
4
0
)
0
.1
5
8
(0
.0
0
0
)
0
.1
0
4
(0
.0
0
0
)
0
.1
9
2
(0
.0
0
0
)
0
.1
2
5
(0
.0
0
0
)
0
.2
9
8
(0
.0
0
0
)
0
.1
6
2
(0
.0
0
0
)
0
.1
9
6
(0
.0
0
1
)
0
.1
3
9
(0
.0
0
0
)
3
0
.0
0
0
(0
.0
0
0
)
©  ©  
©  ©  
o  p
©  ©__' 0
.0
0
0
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
) ft— ©  ©  
©  ©  
©  ©  
o  © 0
.0
0
0
(0
.0
0
0
)
©  ©  
©  ©  
©  ©
©  ©'—ft
/—  
©  ©  
o  ©  
©  ©  
o  o
/—\ 
©  o  
©  ©  
p  p  
©  ©
©  ©  
©  ©  
©  ©  
©  © 0
.0
0
0
(0
.0
00
)
0
.0
0
0
(0
.0
00
)
0
.0
0
0
(0
.0
00
)
d* d? *•>> d* IN?>• >pi d - <N d? 'a*> d* d*
PA
N
SC
E
SN
N
SO
P
A
R
C
H
 
LM
 
(2
0
)
2
0
.4
8
1
(0
.4
2
8
)
1
1
1
.3
6
1
(0
.0
0
0
)
1
5
8
.1
2
4
(0
.0
0
0
)
8
8
.7
5
5
(0
.0
0
0
)
7
4
.9
6
7
(0
.0
0
0
)
7
1
.8
6
2
(
0
.0
0
0
)
1
4
9
.1
6
2
(0
.0
0
0
)
9
5
.0
2
3
(0
.0
0
0
)
1
4
9
.6
3
4
(0
.0
0
0
)
8
6
.7
6
2
(0
.0
0
0
)
2
0
5
.3
6
9
(0
.0
0
0
)
1
2
3
.8
2
3
(0
.0
0
0
)
1
0
3
.7
4
2
(0
.0
0
0
)
9
7
.8
7
7
(0
.0
0
0
)
S
§
fe
X
u
X
<
2
.1
4
1
(0
.8
2
9
)
5
.4
5
8
(0
.3
6
3
)
8
3
.7
8
1
(0
.0
0
0
) (0
0
0
*
0
) 
098 mLP 7.
1
1
0
(0
.2
1
3
)
3
8
.6
0
7
(0
.0
0
0
)
8
2
.3
5
3
(0
.0
0
0
)
2
7
.7
1
5
(0
.0
0
0
)
4
9
.0
0
1
(0
.0
0
0
)
2
5
.2
6
2
(0
.0
0
0
)
1
2
3
.0
6
3
(0
.0
0
0
)
7
8
.3
7
3
(0
.0
0
0
)
3
2
.2
6
5
(0
.0
0
0
)
6
1
.8
6
2
(0
.0
0
0
)
/*“ s
S
f e
E
U
E
<
1
.3
8
2
(0
.2
4
0
)
0
.3
6
0
(0
.5
4
9
)
0
.8
6
2
(0
.3
5
3
)
0
.2
1
5
(0
.6
4
3
)
0
.7
2
6
(0
.3
9
4
)
0
.1
0
2
(0
.7
5
0
)
0
.2
3
5
(0
.6
2
8
)
1
.0
4
0
(0
.3
0
8
)
4
.4
4
5
(0
.0
3
5
)
0
.8
5
8
(0
.3
5
4
)
1
.8
0
4
(0
.1
7
9
)
0
.4
0
1
(0
.5
2
6
)
2
.6
1
3
(0
.1
0
6
)
0
.0
0
1
(0
.9
7
7
)
■iS
9
.6
7
7
7
.8
0
6
3
.8
9
3
3
.9
5
5
3
.6
0
8
3
.7
1
6
3
.7
9
6
4
.0
4
8
3
.8
6
6
3
.4
4
8
4
.8
0
5
4
.6
3
8
4
.1
9
7
4
.6
5
2
50
0
.5
5
5 oo
oo
© -0
.0
1
0
-0
.0
5
5
-0
.1
2
3
-0
.2
8
3
0
.1
6
4
0
.1
0
9
0
.0
2
7
-0
.2
0
1
-0
.1
2
7
-0
.0
5
2
-0
.1
3
7
-0
.4
1
3
+
« 0
.7
8
2
0
.3
8
7
0
.1
0
6
0
.1
5
2
0
.6
8
0
0
.3
5
4
0
.1
5
7
0
.0
6
4
0
.5
2
6
0
.3
3
2
0
.0
9
2 <N
©
© 0.
6
6
2
0
.2
3
9
sa
5
6
9
2
.1
6
4
5
8
4
0
.3
9
4
5
6
6
3
.2
2
0
5
7
0
7
.4
8
6
5
7
4
8
.9
2
8
5
8
0
0
.4
5
3
5
5
8
8
.8
9
8
5
6
6
5
.3
5
8
5
6
1
4
.5
4
5
5
7
5
2
.2
7
0
5
7
1
5
.3
4
1
5
7
6
9
.7
4
4
5
8
2
0
.0
0
7
5
8
8
7
.8
3
1
A
I
C
-4
.6
9
5
-4
.8
1
8
-4
.6
4
3
-4
.6
7
9
-4
.7
1
5
m
(ft
Nti -4
.6
0
1
-4
.6
6
4
-4
.6
2
4
-4
.7
3
7
-4
.7
5
0
-4
.7
9
5
-4
.8
3
7
-4
.8
9
3
0
.0
0
0
(0
.0
0
0
)
0
.0
0
2
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
1
(0
.0
0
0
) .—- 
©  ©  
o  ©  
©  ©  
©  o 0
.0
0
2
(0
.0
0
0
) /—V 
©  ©  
©  ©  
©  ©
©  ©ft/
©  
©  o  
©  o
©  0
©  ©  
©  ©  © ©
©  © 0
.0
0
2
(0
.0
0
0
) / — .. 
©  o  © o  
©  o  
©  © 0
.0
0
1
(0
.0
0
0
) / f t  
©  ©  
©  ©  
o  ©
©  ©v /
0
.0
0
2
(0
.0
0
0
)
0
.0
0
3
(0
.0
0
0
)
0
.0
0
5
(0
.0
0
0
)
t f t  ©  
©  ©  
©  ©
©  ©
f t /
0
.0
0
5
(0
.0
0
0
)
0
.0
0
4
(0
.0
0
0
)
Nt ©  
©  ©  
©  ©
©  ©f t / 0
.0
0
6
(0
.0
0
0
)
0
.0
0
6
(0
.0
0
0
)
0
.0
0
5
(0
.0
0
0
)
0
.0
0
5
(0
.0
0
0
) tft S ' © © © ©
© ©ft/
oo © © © 
o  ©
© ©ft/ 0
.0
0
3
(0
.0
0
0
)
0
.0
0
5
(
0
.0
0
1
)
0
.4
8
7
(0
.0
0
0
)
0
.1
9
4
(0
.0
0
0
)
-0
.0
3
9
(0
.5
5
8
)
0
.0
0
5
(0
.9
1
6
)
0
.4
8
9
(0
.0
0
0
)
0
.1
6
4
(0
.0
0
0
)
0
.0
1
2
(0
.8
4
4
)
-0
.0
4
0
(0
.1
2
0
)
0
.4
0
7
(0
.0
0
0
)
0
.1
7
1
(0
.0
0
0
)
0
.0
2
5
(0
.8
1
8
)
0
.0
4
7
(0
.5
5
3
)
0
.5
1
6
(0
.0
0
0
) (0
0
0
*
0
)
n
r
o
55
0
.2
9
5
(0
.0
0
0
)
0
.1
9
3
(0
.0
0
0
)
0
.1
4
5
(0
.0
0
0
)
0
.1
4
7
(0
.0
0
0
)
0
.1
9
1
(0
.0
0
0
)
0
.1
9
0
(0
.0
0
0
)
0
.1
4
5
(0
.0
0
0
)
0
.1
0
5
(0
.0
0
1
)
0
.1
1
9
(0
.2
1
0
) (0
0
0
*
0
)
0
9
1
*
0
0
.0
6
7
(0
.0
2
6
)
0
.0
5
5
(0
.0
5
0
)
0
.1
4
6
(0
.0
0
0
)
0
.1
2
8
(0
.0
0
0
)
3
0
.0
0
0
(0
.0
0
0
)
o  ©  
©  ©  
©  ©
o  © 0
.0
0
1
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
)
©  ©  
©  ©  
o  ©
©  © 0
.0
0
1
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
) /—\ 
©  ©  
©  ©  
©  ©
©  ©
©  ©  
©  o  
o  ©
©  ©'—- 0
.0
0
0
(0
.0
0
0
)
0
.0
0
0
(0
.0
0
0
) / — \  
©  ©  
©  ©  
©  p  
©  ©  
f t /
0
.0
0
0
(0
.0
0
0
)
f e f e f e f e f e f e
< N
f e
>
? > • f e f e > p ^
Table 5.10 Group average of AIC, volatility persistence and kurtosis in standardised 
residuals ofVA-GARCH (1,1) permutations for equities
Benchmark vy-GARCH vr GARCH v5-GARCH Vy-GARCH
AIC -4.336 -4.419 -4.451 -4.455 -4.506
Al
a+fi 0.700 0.211 0.216 0.600 0.337
s 0.236 -0.187 -0.270 -0.236 -0.401
k 7.111 4.655 4.126 4.273 3.976
AIC -4.677 -4.727 -4.746 -4.764 -4.842
A2
a+fi 0.876 0.420 0.329 0.704 0.417
s 0.100 0.020 0.004 -0.013 -0.334
k 13.186 8.413 8.940 9.083 5.014
AIC -4.394 -4.487 -4.527 -4.520 -4.586
BI
a+/3 0.719 0.185 0.207 0.599 0.321
s 0.309 -0.123 -0.240 -0.195 -0.372
k 8.594 6.076 4.490 5.316 4.336
AIC -4.726 -4.776 -4.863 -4.841 -4.942
B2
a+fi 0.932 0.247 0.128 0.655 0.300
s 0.107 -0.077 -0.094 -0.137 -0.267
k 8.518 7.199 5.339 6.673 5.089
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C h a p t e r  6  T h e  T w o  C o m p o n e n t s  o f  G A R C H  
a n d  T r a d i n g  V o l u m e
6 .1  I n t r o d u c t i o n
Following the empirical results of Chapter 5, we need to go beyond the scope of 
VA-GARCH (1, 1) model for fulfilling our motivated purpose of uncovering the 
hidden aspects of the relation between return volatility and trading volume. We have 
found that while the serially uncorrelated volume series v3 and its above average 
series v4 fail to fully explain the conditional variance in returns they produce the best 
model fit to the data of both index and individual equity. Recall the central prediction 
of the modified MDH framework, it is possible that the profitable daily flow of 
information is serially uncorrelated or less correlated than which presented by volume 
valiants vj and v2 if trading activity is heavily driven by the noisy private information 
or the irrational trading behaviour. Thus, the serially un-correlated trading volume 
should be associated with a non-persistent component of volatility, and the various 
adjusted volume variables should display different levels of association with the 
persistent and non-persistent part of the volatility since the two components of 
volatility contain different infonnation about volatility dynamics. This hypothesis is 
consistent with the theories of market microstructure and behavioural finance.
To test this hypothesis, this chapter apply the methodology of CGARH (1,1) model 
presented in section 4.5 of the methodology chapter. Decomposing GARCH into two 
components, a pennanent component and a transitory component can yield predicted 
series of these two components, thus correlation and regression analysis between the 
two components of GARCH and various volume series is motivated. It is expected to 
find out that how the two components of GARCH series, the persistent component 
and the transitory component relate to our four adjusted volume series. Since the 
volume variants are supposed to contain different infonnation contents, it will be 
empirically meaningful for the investigation on the volatility-volume relation.
6 .2  E s t i m a t i o n  R e s u l t s  o f  C G A R C H  ( 1 , 1 )  m o d e l
The CGARCH (1,1) model specification (4.20) is fitted to both the index and the 
individual equity dataset. Model estimation is based upon the quasi maximum 
likelihood (QLM) methodology. Derivations from normality in the noise terms are
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accounted for by using the Bollerslev and Wooldridge (1992) approach, which yields 
robust standard errors of parameter estimates.
6 .2 .1  F o r  t h e  i n d i c e s
The estimation results for the six index return series are reported in Table 6.1, as long 
as corresponding AIC and log likelihood values. In order to scrutinize the statistical 
properties of the model, skewness, kurtosis and ARCH LM test statistics of standard 
residual series to lags 1, 5 and 20 are attached as well. Overall, the CGARCH (1,1) 
model can well capture the volatility dynamics in all the six indices. None of the six 
indices are found remaining ARCH effects in their model residuals. The kurtosis 
values, however are just slightly smaller than their corresponding benchmark model 
of each index, showing that CGARCH (1,1) model has a similar explanatory power 
in the fat-tailedness with GARCH (1,1) model.
The constant term in mean equation, // is insignificant for all the six indices, while 
the convergence point of permanent component equation, co is statistically significant 
for all the six indices at 5% significance level. The measure of convergence speed p  
exhibits huge difference between A-share and B-share indices12. The two B-share 
indices show higher convergence speed than the two A-share indices and aggregate 
market indices of the same market. Estimate of p  for SHBI is 0.962, while it is 
0.987 for both SHAI and SHCI. The Shenzhen B-share index displays a very small 
p  value, 0.908. Estimates of p  for SZAI and SZCI fall into the interval of 0.99 
— 1.00, which is usually seen as an interval indicating permanent component, in, of the
return volatility approaches co very slowly. In the equation about transitory 
component of volatility, estimates of a and ft are both insignificant for Shanghai 
B-share index, and a is insignificant for Shenzhen B-share index, while they are all 
statistically significant for the two A-share and aggregate market indices. These 
differences of volatility components between A-shares and B-share are important to 
understand volatility dynamics in the Chinese stock market.
12 The measure o f convergence speed, p  in CGARCH model specification (4.20) tells us how 
fast the permanent component o f GARCH converge to a constant, co because it is a coefficient 
o f the difference between m,.i and CO. The smaller the p  , the faster the convergence speed. The 
range o f p  is 0-1. Literature address that p  is typically between 0.99 and 1 so that m, 
approaches to co very slowly.
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Estimation results of CGARCH (1, 1) model for the sample stocks are reported in 
table 6.2. Here we present a summary of these estimates and diagnostics. It turns out 
that CGARCH (1, 1) model can capture the autoregressive nature of the volatility 
dynamics for the sample stocks. Only two individual shares, SEA and SFF exhibit 
serial correlation in squared residuals at long lags, which is justified by their ARCH 
LM test at lags 20.
The measure of convergence speed in the permanent component equation, p estimates 
ranges from 0.735 to 1.000 — a large interval. There are only two equities, PAN and 
SHI exhibit very slow convergence speed, for which the estimates of p are 0.999 and 
1.000, respectively, while the estimates for all the other sample stocks are less than 
0.99, for 14 sample stocks less than 0.96. Compare to the results of A-share indices, 
this estimates are much smaller, recalling that the constituents of our sample are all 
drawn from A-shares. This implies that the volatility persistence in individual equities 
is not such strong than index data shown.
Estimation of transitory equation, however, shows that the majority of sample shares 
have statistically insignificant coefficients. There are eight shares presenting statistical 
significance at both a and (3 estimates. These shares are KMC, SEL and STB of group 
Al, SHI of group A2, SEL, SRB and SVO of group BI and KGD of group B2. Since 
the sum of a and f3 in the transitory equation is seen as the power of the transitory 
component of GARCH converges to zero, this implies that the shares from the groups 
with heavy trading activity are more likely to have power of convergence to zero.
The estimation results show that the price limit dummy plays different role in 
explaining permanent and transitory volatility. It turns out that the price limit dummy 
is insignificant in the permanent equation for 12 equities, while it displays 
insignificant estimates in transitory component equation for only for 2 equities. It is 
evident that the effect of price change limit is more likely to be transitory rather than 
being permanent in the Chinese stock market.
6 .2 .2  F o r  th e  in d iv id u a l  e q u i t ie s
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6 .3 .1  I l l u s t r a t i o n  o f  t h e  d e c o m p o s e d  G A R C H  s e r i e s
Once the parameters of CGARCH (1, 1) are estimated, it is possible to calculate a 
predicted series of for both the persistent and transitory component by applying 
formula (4.21) and of course a predicted series for GARCH per se. Before we 
exercise the correlation and regression analysis, an illustrative demonstration of the 
two component series is useful.
6 . 3  C o r r e l a t i o n  a n d  R e g r e s s i o n  A n a l y s i s  o n  I n d i c e s
Figure 6.3 Predicted GARCH and its two components of SHAI and SHBI
Figure 6.1 plots the predicted GARCH and its two components series for two selected 
indices, SHAI and SHBI. Differences in dynamic characteristics between permanent 
and transitory components of GARCH and between A-share index and B-share index 
are displayed in the graphs. The pattern of GARCH overall evolution is similar to its 
permanent component for both A-share and B-share index, while the transitory 
component series evolves in quite different ways.
6 .3 .2  R e s u l t s  o f  c o r r e l a t i o n  a n d  r e g r e s s i o n  a n a l y s i s
Table 6.3 reports the correlation coefficients between the predicted GARCH series, 
the two components of GARCH and various volume series. The linear correlation 
coefficient is roughly equivalent to the goodness of fit in the linear regression since 
the regression has only one explanatory variable. However, what we are interested in 
is the statistical significance of the regressor. So the results of the /'-tests on the 
explanatory variable of fitted linear regression models (4.22) and (4.25) are together 
reported in the table 6.3, in a way of simply indicating its significance by a positive or 
negative symbol. All the inferences are implemented at 5% significance. Details of 
the estimated regression model are presented in Table 6.7.
Regressing volatility series upon volume valiants is consistent with the prediction of 
the MDH theory, which implies that the direction of the relation is that information 
flow cause price variability and volume serves as a proxy of the unobservable 
information flow. Thus, table 6.3 presents us the association between the two 
volatility components and volume and the explanatory power of the different volume 
variants in explaining the two components of GARCH as well as GARCH overall.
Firstly, our empirical results justified the association between the transitory 
components of GARCH and volume. It is not unexpected that the persistent 
component of ARCH displays similar strength of correlation with volume as GARCH 
per se and the regression output exhibit the same pattern between different volume 
variants and various indices. The justification of the correlation between transitory 
components of ARCH with volume and the testified explanatory power of the latter in 
explaining former is meaningful for our empirical investigation on the 
volatility-volume relation since the transitory components of ARCH is completely
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opposite to ARCH effects which naturally means volatility persistence and clustering. 
It is displayed in table 6.3 that the transitory component generally displays similar 
strength of correlation with various volume variables as the persistent component does, 
in general. And the results of regression analysis shows more cases of positive /-test 
results when we look at the last column of the table.
It is worth noting that although the correlation coefficients in table 6.3 are not such 
large as we usually see, the corresponding /-test on the regression coefficients can 
justify its statistical significance. Since the regression has only one explanatory 
variable, the volume variant, this /-test has equivalent function as the significance test 
on the correlation coefficient, which is omitted in the table.
Secondly, differences in explanatory power between various volume series are 
verified. While the standard detrended volume v y  and its above average series v2  
display stronger explanatory power in explaining the GARCH per se and its 
permanent component for all the six indices, the two further adjusted volume series v2 
and v4 exhibit stronger correlation with transitory component for the two B-share 
indices. The correlation between the serially un-correlated volume series, and the 
three GARCH series turn out to be insignificant for the two A-share indices and the 
two aggregate market indices but the two B-share indices.
Thirdly, differences between A-share index and B-share index are found. While the 
two B-share indices show positive /-test results in all the three columns, indicating 
that all the three ARCH series can be explained by the all the four volume variants, 
the two A-share indices and the two aggregate market indices exhibit some cases of 
insignificant /-test results for the three ARCH series, especially upon the serially 
un-correlated volume variant vj. Furthermore, the two B-share indices exhibit that the 
largest correlation coefficients in the transitory column is produced with volume 
variant vj. This means that for the B-shares, the un-serially correlated volume can 
explain volatility better than standard detrended volume which represents the original 
information content of volume, and the surprise volume works better than v2.
Table 6.3 Results of correlation and regression analysis for indices
GARCH ver se 
Cor. Reg.
GARCH
Cor.
permanent
Reg.
GARCH
Cor.
transitory
Reg.
Vy 0.2061 + 0.1924 + 0.1657 +
V? 0.1953 + 0.1662 + 0.1892 +
SHAI
Vj -0.0129 — -0.0081 — -0.0182 -
Vy 0.0883 + 0.0725 + 0.0908 +
Vy 0.3821 + 0.3789 + 0.1100 +
Vj 0.4256 + 0.4224 + 0.1193 +
SHBI
Vj 0.1228 + 0.1096 + 0.1621 +
Vy 0.2525 + 0.2440 + 0.1392 +
Vy 0.2539 + 0.2305 + 0.2178 +
V? 0.2397 + 0.2011 + 0.2390 +
SHCI
Vj -0.0180 — -0.0155 — -0.0171 —
Vy 0.0838 + 0.0653 + 0.0938 +
Vy 0.1979 + 0.0641 + 0.2351 +
Vj 0.1871 + 0.0135 — 0.2590 +
SZAI
Vj -0.0320 — -0.0131 — -0.0360 -
Vy 0.0638 + -0.0055 - 0.0961 +
Vy 0.4788 + 0.4808 + 0.0940 +
Vj 0.5110 + 0.5130 + 0.1016 +
SZBI
Vj 0.1568 + 0.1425 + 0.1769 +
Vy 0.2626 + 0.2547 + 0.1393 +
Vy 0.2219 + -0.0944 + 0.2337 +
V? 0.2110 + -0.1362 + 0.2472 +
SZCI
Vj -0.0261 — 0.0229 — -0.0339 —
Vy 0.0711 + -0.0933 + 0.1089 +
N otes: +(-) denotes the regression coefficient in GARCH, = c + <pv„, GARCH _P, = c + (pPvu and
GARCH_7J = c + <pTv„ are significant (insignificant) at 5% level.
6 .4  C o r r e l a t i o n  a n d  R e g r e s s i o n  A n a l y s i s  o n  I n d i v i d u a l  E q u i t i e s
6 .4 .1  I l l u s t r a t i o n  o f  t h e  d e c o m p o s e d  G A R C H  s e r i e s
Figure 6.2 plots the predicted GARCH and its two component series of share CCA 
and SHI, as demonstration for the sample stocks. CCA represents the shares that both 
the a and /? estimates are statistically insignificant in the transitory equation, while 
SHI represents the shares that both the a and (3 estimates are statistically significant in 
the transitory equation.
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Figure 6.4 Predicted GARCH series and its two component series of CCA and SHI
This graph shows the differences between the evolution patterns of GARCH 
components, especially the transitory components of the two shares. The permanent 
component series is similar with GARCH overall series, while the transitory
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component displays long time flattery and shaip spikes which appear shortly, in 
general. Comparing the two transitory series of CCA and SHI, the former series 
displays much sharper spikes between longer time flattery intervals. This is due to the 
a and /? estimates of the former are statistically insignificant and the very sharp spikes 
therefore are apparently caused by the dummy variable in the transitory equation.
6 .4 .2  L i n e a r  c o r r e l a t i o n  o f  p r e d i c t e d  a n d  d e c o m p o s e d  G A R C H  s e r i e s  
w i t h  v o l u m e  v a r i a n t s  f o r  c o n t r a s t  e q u i t y  g r o u p s
Table 6.4 reports the group average of correlation coefficients between the predicted 
GARCH series, its two components series with various volume series. The details of 
estimations and diagnostics for each stock are presented in Table 6.8.
The decomposition of GARCH into two components shows us some insights in the 
relation between ARCH effects and trading volume. The most important empirical 
result is again the verification of the association between the transitory components of 
ARCH and various volume series. The transitory component of GARCH exhibit 
stronger correlation with volume variants vj, v3 and v4 than permanent component 
does in all the four groups, while the average of correlation coefficients with volume 
variant v2 in each group are presenting an opposite result — volume variant v2  
displays closer relation with the permanent component than the transitory components 
in all the four groups. In general, none group differences are found in this rough 
indicator of the volatility-volume relation.
Furthermore, while the permanent component of GARCH exhibit similar' patter as 
GARCH series in overall, the transitory component displays a quite different picture. 
The strongest correlation coefficient presents by the surprise volume series, v4 rather 
than standard detrended volume vj in each group. Compare to much weak correlation 
coefficient of v3 with permanent component, this volume variant exhibit much 
stronger correlation with transitory component of GARCH for all the groups.
It is worth noting that none distinctive difference between the contrast groups has 
been found.
Table 6.4 Group average of correlation coefficients for individual equities13
GARCH GARCH_ permanent GARCH_ transitory
V; 0.3064 0.2433 0.2500
Vj 0.3217 0.2626 0.2595
A l
Vj 0.1628 0.0355 0.1994
v4 0.2637 0.1485 0.2617
Vl 0.3015 0.2123 0.2389
V2 0.3348 0.2540 0.2572
A2
Vi 0.1634 0.0317 0.2017
v4 0.2665 0.1551 0.2454
V] 0.2702 0.2172 0.2263
v2 0.2834 0.2429 0.2298
BI
Vi 0.1223 0.0294 0.1476
v4 0.2323 0.1514 0.2212
v; 0.3576 0.2850 0.2926
V2 0.3915 0.3213 0.3142
B2
Vi 0.2006 0.0414 0.2555
v., 0.3137 0.1860 0.3058
6 .4 .3  L i n e a r  r e g r e s s i o n  o f  p r e d i c t e d  a n d  d e c o m p o s e d  G A R C H  s e r i e s  
u p o n  v o l u m e  v a r i a n t s  f o r  c o n t r a s t  e q u i t y  g r o u p s
The correlation analysis gives a rough prediction on the relation between various 
GARCH series and volume variants. In order to establish a more critical investigation 
on the relation, the linear regression model proposed in the methodology chapter is 
fitted to the data. This will give us a chance to carry out t  test on the regression 
coefficient, thus our statistical inference can be more robust and reliable.
ljThe correlation coefficients are generally small here. For example, the correlation coefficient 
between the GARCH series and v; for group A l is 0.3064. However, it is identified by the 
following regression analysis that most o f these correlations are statistically significant (see Table 
6.5).
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Table 6.5 Number of shares with significant regression coefficients
GARCH GARCH_ permanent GARCH_ transitory
5% 1% l°/oo 5% 1% 1%0 5% 1% 1%0
level level level level level level level level level
V; 10 9 9 10 10 10 9 9 9
Al
Vj 10 10 10 10 10 10 9 9 9
Vj 10 10 10 6 4 3 10 10 10
Vy 10 9 9 10 10 10 9 9 9
V/ 10 10 10 10 10 10 10 10 10
A2
Vj 10 10 10 10 10 10 10 10 10
Vj 9 9 9 5 4 0 10 9 9
Vy 10 10 10 10 9 9 10 10 10
Vy 10 9 9 10 10 10 9 9 8
BI
Vj 10 10 10 10 10 10 9 9 8
Vj 10 10 9 7 6 3 10 9 9
Vy 10 9 9 10 10 10 9 9 9
Vy 10 10 10 10 9 9 10 10 10
B2
Vj 10 10 10 10 10 10 10 10 10
Vj 10 10 10 5 5 2 10 10 10
Vy 10 10 10 10 10 10 10 10 10
Table 6.5 reports the number of shares with significant regression coefficient at 
explanatory variable v; , v?, and v4 for each group. The predicted GARCH series 
exhibits high level significance in regressing upon the various volume variants. This 
overall explaining power of volume is shown to be applicable for all the groups. 
However, differences arise between the two decomposed GARCH series when we
look at their regression coefficient with the non-serially correlated volume series, v3. 
It turns out that v3 is capable to explain the transitory components of GARCH at high 
significance level for almost all the contrast groups, while it fails to explain 
permanent component of GARCH for number of shares in all the groups. Typically, 
none of shares in group A2 turn out to be significant at l%o significance level in 
regressing permanent component of GARCH upon v3. Therefore, we can conclude 
that explanatory power of v3 in explaining GARCH per se is due to it containing the 
transitory component.
6 .4 .4  T h e  i n f l u e n c e  o f  t h e  i n s i g n i f i c a n t  a  a n d  f t  e s t i m a t e s
It has been addressed above that there are some individual equities in our sample 
presenting insignificant a and ft estimates in their transitory equation. A question is 
that how this insignificance influence our above empirical conclusion on the relation 
between the two GARCH components and volume? In order to answer this question, 
the 34 sample, stocks are re-categorised into three groups — group A comprise 7 
stocks with significant estimates both at a and p, group B comprise 11 stocks with 
significant estimates either at a or at p, while group C comprise 16 stocks with 
insignificant estimates both at a and p. Then the above presented results of correlation 
and regression analysis are reorganised into Table 6.6, which exhibits the group 
average of the correlation coefficient between the two GARCH components and 
volume valiants and the number of shares in the group for which the regression 
coefficient <pp and q>r, as well as the total number of sample stocks in the group.
Table 6.6 tells us that the insignificant a and p estimates have little influence on our 
empirical results. There is almost no difference between group A, B and C in our 
major concerned issues about the volatility-volume relation. The association between 
the transitory components of ARCH and various volume series can be justified by all 
the three groups. It is also same in group A, B and C that volume valiant v2 has the 
stronger correlation coefficient with the persistent component of GARCH than the 
other three volume variants have. The strong explanatory power of volume valiant v3 
in explaining the transitory components of GARCH and its weak relation with the 
persistent component of GARCH are same in the three groups. Therefore, we can 
firmly stand at our above presented empirical results.
Table 6.6 Comparison of the groups with different a and [3 estimates
Average of coirelation coefficient Number of shares in group
With
permanent
component
With
transitoiy
component
Total
Significant in 
explaining 
permanent 
component
Significant in 
explaining 
transitory 
component
V/ 0.2446 0.3260 7 7
V? 0.2956 0.3405 7 7
A 7
V5 0.0495 0.2005 4 7
V4 0.1817 0.2712 7 7
V/ 0.2169 0.2493 11 10
V? 0.2457 0.2585 11 10
B 11
Vi 0.0260 0.1844 6 11
V-t 0.1450 0.2500 11 10
V; 0.2797 0.2443 16 16
v? 0.2980 0.2591 16 16
C 16
Vi 0.0440 0.2361 10 16
V4 0.1704 0.2775 16 16
N ote: Statistical inferences are implemented at 5% significance level.
6 .5  D i s c u s s i o n  a n d  C o n c l u s i o n
This chapter applies the CGARCH (1,1) model to investigate the volatility-volume 
relation, which assumes that the conditional volatility of stock returns comprise two 
components: a persistent component and a transitory component. Based upon 
parameter estimates of the CGARCH (1,1) model, the two components series as well 
as GARCH per se are predicted within the sample. Then we further investigate the 
relation between the two components of the conditional variance and various volume 
series, which are supposed to contain diversities of information content.
Empirical results of both index data and individual equity data justified that the 
conditional volatility of stock returns contains a transitory components and the 
transitory volatility shocks are significantly correlated (explainable) with (by) volume.
Especially, the serially un-correlated volume variant, v? show its significant 
correlation (explanatory power) with (to) the transitory component of GARCH in the 
all circumstances although it fails to explain the persistent component of the GARCH. 
Thus, the main hypothesis set up at the beginning of the chapter is testified. The 
serially un-correlated trading volume is associated with a non-persistent component of 
volatility, and the various adjusted volume valiants display different levels of 
association with the persistent and non-persistent part of the conditional volatility 
since the two components of GARCH contain different information about volatility 
dynamics.
If we suppose that v? represents the noisy private information flow or the irrational 
trading behaviour, this may verify the dynamics of the transitory volatility shocks. 
Since the transitory component is contained in the GARCH overall series and the two 
GARCH components display diversions in their relation with various volume 
variables, our empirical results may also be capable of clarifying the failure of 
VA-GARCH (1, 1) model. The verification of the correlation between transitory 
components of ARCH and volume and the testified explanatory power of the latter in 
explaining former is meaningful for our empirical investigation on the 
volatility-volume relation since the transitory components of ARCH is completely 
opposite to ARCH effects which naturally means volatility persistence and clustering. 
Regressing volatility series upon volume variants is consistent with the prediction of 
the MDH theory, which implies that the direction of the relation is that information 
flow cause price variability and volume serves as a proxy of the unobservable 
information flow.
Several other observations are also obtained from the empirical evidence of this 
chapter. In the study on index dataset, differences between A-share index and B-share 
index are found. While both the two components of ARCH in B-share indices can be 
explained by all the four volume variants, the persistent component of the two 
A-share indices can not be explained by the serially un-correlated volume variant V3 . 
Furthermore, the two B-share indices exhibit that the largest correlation coefficients 
with the transitory GARCH series is produced by the volume variant vj. This means 
that for the B-shares, the un-serially correlated volume can explain volatility better 
than standard detrended volume which represents the original information content of 
volume, and the surprise volume works better than v2. Considering the empirical
-151 -
results on individual equity dataset, the transitory component of GARCH exhibit 
stronger correlation with volume variants v/, V3 and v4 than permanent component 
does in all the four groups, while the average of correlation coefficients with volume 
variant v2 in each group are presenting an opposite result — volume variant v2  
displays closer relation with the permanent component than the transitory components 
in all the four groups. However, there is no difference found between the contrast 
groups regarding the correlation between the two components of GARCH and volume 
variants.
The empirical findings of this chapter based upon the data of the Chinese stock 
market are consistent with the empirical results on US stock market presented by 
Fleming et al (2005), which suggest that volume is strongly correlated with 
contemporaneous return volatility, but the correlation is driven largely by transitory 
volatility shocks that have little to do with the highly persistent component of 
volatility captured by standard volatility models.
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C h a p t e r  7  S t o c h a s t i c  V o l a t i l i t y  M o d e l :  A  
C o m p r e h e n s i v e  I n v e s t i g a t i o n  o n  t h e  R e l a t i o n s  
b e t w e e n  R e t u r n  V o l a t i l i t y ,  A R C H  e f f e c t s  a n d  
T r a d i n g  V o l u m e
7 .1  I n t r o d u c t i o n
In order to uncover the truth of the relation between return volatility, ARCH effects 
and trading volume, the widely applied VA-GARCH (1,1) model is fitted to data in 
chapter 5, under substantially extended specifications. Although many aspects of the 
relation have been revealed, the model suffers an unrecognised constraint on its 
parameter estimation, which makes difficulties to draw up clear econometric and 
financial meanings on the estimation results. It turns out that while volume can 
explain the static aspect of the volatility dynamics, it fails to shed light on the 
dynamic aspect of heteroskedasticity in returns. The close link between the 
persistence in the GARCH conditional variances and the persistence in the 
infonnation flow implied in the VA-GARCH (1,1) model is thus problematic. From 
an empirical perspective, although it is natural to expect some serial correlation in 
infonnation arrivals, it is difficult to conjecture plausible scenarios that would 
generate same level of persistence. Chapter 6 provides evidence for this observation. 
It is found that the conditional volatility contains a transitory component which is 
significantly correlated (explainable) to (by) volume. Our empirical results of 
conelation analysis also indicate that the strength of the correlation varies between the 
four volume variants which have divisions in infonnation contents. Therefore, a more 
flexible but comprehensive system for further testing on the relation of return 
volatility and trading volume is motivated.
To break the link between the persistence in conditional volatility and the persistence 
in the infonnation flow, we must consider models that generate more complex 
dynamics for the return volatility and trading volume. Stochastic volatility model 
provide a good instrument for this purpose and its fairly temped advantage against the 
VA-GARCH (1, 1) model is avoiding the two specification problems — the 
unrecognized constraints in model specification and the simultaneity bias in parameter
estimates — suffered by the latter. Details of the SARV model, including its empirical 
equivalence to GARCH are described in section 4.6 of the methodology chapter. This 
chapter reports, evaluate and discuss the estimation results of fitting the SARV 
models to our dataset of the Chinese stock market.
The main hypothesis of this chapter is still that whether and to what extent trading 
volume can explain ARCH effects, within the framework of the MDH. In order to 
develop a more plausible specification of the MDH, we model the information flow as 
the sum of AR (1) process and white noise. This breaks the link between the 
persistence in the MMS variance forecasts and the persistence in the information flow. 
Moreover, it allows the return volatility to contain a non-persistent component that is 
uncorrelated with lagged squared returns. If this non-persistent component of 
volatility turns out to be significant in the model, then the MDH predicts that it should 
be closely related to the non-persistent component of trading volume. By adopting a 
more general model of the information flow process, we obtain a bivariate SARV 
specification for return and volume in which contemporaneous volume captures a 
component of volatility that is unrelated to ARCH effects. And this bivariate SARV 
model will be further expanded by embedding a third factor of an AR (1) process 
which is a persistent component specific to the squared returns. Thus, finally our 
empirical investigation will testify the hypothesis that the MDH is supported by the 
Chinese stock market dataset. This is meaningful for empirical finance since the MDH 
theory is one of the cornerstones in the subject.
Empirical study of this chapter is based upon the results of the previous two chapters, 
by overcoming the drawbacks and considering the implications of the investigations 
using VA-GARCH model and CGARCH model. The scope of Fleming et al (2006) is 
technically expanded in three aspects. Firstly, the volume-volatility relation is 
analyzed at aggregate market level by employing index data as well as the individual 
equity level. Secondly, the individual equities are categorised into contrast groups in 
term of turnover velocity and market capitalization. It is expected this setup can 
uncover more insights of the volatility-volume relation. Thirdly, given our adjustment 
on the volume series, the four volume valiants with different contents in the 
perspective of information flow interpretation and market micro structure, we expect 
to replenish the empirical relevance of the SARV model proposed by Fleming et al 
(2006).
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return variance follows an AR (1) process. We fit this univariate SARV model to the 
demeaned squared daily return series, rf of each index and sample stock using the
lineai* state-space representation in equation (4.35)-(4.37). As it is addressed in the 
methodology chapter, recasting the SARV process as a linear state-space 
representation allows us estimation and inference using the tractable Kalman filter 
technique rather than the computationally expensive Markov chain Monte Carlo 
(MCMC). This makes it possible to construct minimum mean square (MMS) linear 
forecasts of the daily return variances based on the lagged squared daily returns. Then, 
the purpose of empirical fit of our first SARV model is to show that these forecasts 
have the same recursive structure as the conditional variance implied by a GARCH 
process. In other words, the MDH implies that the persistence in the variance 
forecasts mimics the persistence in the infonnation flow.
In order to test for the empirical relevance of model fitting results, following model 
diagnostics are considered, based on parameter estimates.
(1) The estimated first-order autocorrelation in erf, af =g + yat + pbt, which is
which normally implies lower level than in GARCH (1, 1) model when SARV 
model include the second factor, and implies higher estimates of VRi.
(2) The estimated values of variance ratio:
The first SARV model specification is a univariate two-factor model in which the
given by
(7.1)
The estimated first-order autocon*elation in cr,2 measures the volatility persistence,
(7.2)
(7.3)
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where Var [a] ) is the estimated variance of cr,2, Var ( if) is the sample variance of 
i f , and Var(crf_ ,) is the estimated variance of the one-step ahead forecasts of cr,2.
The second ratio measures the extent to which cr2 is predictable using past 
observables; we can better understand the contribution of the second factor, i.e. the 
non-persistent component of cr2 to the explanatory power of the model by 
examining the ratio VR2.
(3) The estimated coefficient of determination for a lineal’ regression of 
cr,2 -  cr,2,_, on i f  -  o-2,_,. cr,2 -  crjM is the error in forecasting cr,2, while
i f  -  cr;2f l is the error in forecasting i f .
(4) The Ljung-Box statistics for the first 10 sample autocorrelations in i f  /e r f .
This diagnostic can be seen as an indicator of model specification. If the 
model is well specified, the Q statistic should not be statistically significant.
7 .2 .1  R e s u l t s  f o r  i n d i c e s
Table 7.1 reports estimation results of fitting the univariate SARV model for the six 
indices. The estimated value of <j> points to strong persistence in at, which exceeds
0.9 for all the indices, with the corresponding />values are all smaller than 0.000, 
indicating a high level significance. The theoretical predictions presented in 
methodology chapter imply that the MMS linear forecasts of cr2 takes the same 
general form as h, in the GARCH (1,1) model. So we expect the persistent factor, a,,
to capture ARCH effects in daily returns. Our empirical results are generally 
consistent with these theoretical predictions. By the way, differences between A-share 
and B-share indices appeal’s. Estimates of (f> for the two B-share indices are higher, 
comparing to the estimates for the A-shares index of same market.
The non-persistent factor bt is expected to capture an unrelated, but important,
component of the return variances. The estimated value of p ,  which reflects the
contribution of non-persistent factor to cr,2, is statistically significant for the two
A-share indices, the two whole-market indices, but for the two B-share indices. 
Differences between A-share and B-share index appears again. To understand the
magnitude of this effect, note that unconditional variance of a f is given by y 2 + p 1. 
Since the estimate of y  is greater than that of p  for all the six indices, it turns out 
that the magnitude of non-persistent component is smaller than the persistent 
component of the a f , at the index level.
Table 7.1 Results of fitting two-factor SARV model to daily returns of indices
S’ r P <i> U AC VRj VR3 R 2 QO0)
SHAI
0.0002
(0.000)
0.0003
(0.000)
0.0002
(0.000)
0.9050
(0.000)
14596.67 0.6065 0.1130 0.5005 0.6771
12.09
(0.279)
SHBI
0.0005
(0.011)
0.0007
(0.000)
0.0000
(1.000)
0.9296
(0.000)
12947.04 0.9296 0.1627 0.7320 0.3768
22.12
(0.015)
SHCI
0.0002
(0.000)
0.0003
(0.000)
0.0002
(0.000)
0.9015
(0.000)
14616.87 0.6206 0.1123 0.5044 0.6655
18.62
(0.045)
SZAI
0.0003
(0.000)
0.0003
(0.000)
0.0002
(0.005)
0.9332
(0.000)
14329.76 0.6839 0.1260 0.5980 0.5863
13.945
(0.176)
SZBI
0.0006
(0.001)
0.0007
(0.000)
0.0000
(1.000)
0.9411
(0.000)
12806.71 0.9411 0.1674 0.6997 0.3165
37.87
(0.000)
SZCI
0.0003
(0.001)
0.0003
(0.000)
0.0002
(0.008)
0.9547
(0.000)
14283.94 0.6638 0.1248 0.6340 0.5745
12.07
(0.280)
Note: numbers in underneath parenthesis are the corresponding p-value of the estimates.
The last five columns of Table 7.1 display the diagnostics for the two-factor 
specification. The two B-share indices show higher level of estimated first-order 
autocorrelation in a f , comparing two the two A-share indices and aggregate market
indices. This implies higher estimates of the first variance ratio. These findings 
highlight the impact of including the second factor. The second variance ratio, VR2 
measures the extent to which a f  is predictable using past observables. Our estimate
of VR2 is varying from 0.5005 of SHAI to 0.7320 of SHBI, indicating B-share indices 
are much predicable than A-share indices. Actually, there is a relation between the 
magnitude of the estimated ratio and the relative size of the y  and p  estimates. 
The two B-share indices with larger y estimates and smaller p  estimates tend to 
have higher estimated variance ratio because y determines the variance of the 
persistent factor of a f . The coefficient of determination for a regression of the error 
in forecasting a 2 on the error in forecasting rf can give a indicator of how much
infonnation if  has about the non-persistent component of a 2. The estimates of R2 
for the two B-shares are much smaller than for A-shares, implies that the 
unpredictable component of i f  is relatively noisy proxy for the non-persistent 
component of the date t return variance. The last column of diagnostics reports the 
Ljung-Box statistics for serial conelation in i f  /e r f  , which indicate that we reject
the null of no serial correlation for the two B-share indices. Recalling that these two 
B-shares do not reject the null hypothesis of non serial correlation in the GARCH (1, 
1) specification, it probably indicates that the two-factor SARV model can not 
perform as well as GARCH (1, 1) model in capturing ARCH effects for the two 
B-share indices.
7 .2 .2  R e s u l t s  f o r  i n d i v i d u a l  e q u i t i e s
The estimation results for individual equities are tediously long. In order to cast sharp 
focus on our main concerns, here we summarize the results in Table 7.2. The whole 
estimation results are presented in Table 7.12.
The estimate of regression coefficient in AR (1) state equation (4.35), <j) , turns out to 
be larger than 0.9 for 25 cases in total 40 cases. If we further examine the details of 
estimated 0 in Table 7.12, the estimates of 0 for individual equities are much 
closer to the sum of a  and p  reported in table 5.9, comparing the estimates for 
indices data. Since the two-factor model implies that the MMS lineal’ forecasts of cr; 
take the same general form as ht in the GARCH (1, 1) conditional variances, we 
expect the persistent factor, at to capture ARCH effects in daily returns, and our 
empirical evidence from the individual equities basically supports this expectation.
The non-persistent factor, bt9 appeal's to capture an unrelated, but important, 
component of the return variances. The estimated value of p , which reflects the
contribution of the non-persistent factor to cr; , is statistically significant at 5% level
for 6 shares in group Al, 4 shares in group A2, 6 shares in group BI and 5 shares in 
group B2, totally, 21 shares in our 40 sample shares. Thus, the shares are more 
actively traded tend to be more likely to contain the non-persistent component in their 
volatility dynamics. This observation is further supported by the number of cases that 
p  is larger than y . Group Al show more cases that estimate of p  is larger than y ,
comparing to group A2. If the estimates of p  is larger than y  , then the 
non-persistent component contribute more than half in the signal equation. It is 
notable that while the contrast group Al and A2 exhibit distinct differences regarding 
the estimates of p  and y ,  the difference between group BI and B2 is not such 
distinctive though the results is not inconsistent with our prior notion that small size 
shares are usually traded actively. Hence, by fitting the two-factor specification, we 
capture a large non-persistent component of the return variances that would be missed 
by either a one-factor SARV specification or a standard GARCH model. Compare to 
the results on index data, which present non of the cases with the estimate of p  being 
larger than y , the estimation results on individual equities show a shaper picture than 
indices results. This is consistent with the previous studies which address that the 
volatility-volume relation is company-specific (for example, Wang et a l , 2005).
A notable result is that the estimate of y  is statistically insignificant at 5% level for 
SJG, FEN, PAN and SJG. These shares are exactly the shares whose Ljung-Box O 
statistics for squared return series are insignificant in Table 4.3 — it has been 
explained that this indicating these shares originally do not have ARCH effects in 
their return series. Thus our empirical results of two-factor SARV model are 
consistent with our preliminary study on return series.
Turning to the estimated diagnostics of the model, more insights of the two-factor 
SARV specification are provided. As anticipated, the model implies lower levels of 
volatility persistence than the GARCH (1, 1) model. The group average of the 
estimated first-order autocorrelation in erf is 0.5071 for group Al, 0.6148 for group 
A2, 0.4631 for group BI and 0.5624 for group B2. The shares with significant 
estimate of p  normally show a value of AC between 0.2-0.4, while the shares with 
insignificant estimate of p  generally show very high AC value, which exceed 0.8. 
The estimates of VRj are consistent with the AC values. These findings highlight the 
impact of including the second factor into the model. The estimated second variance 
ratio provides further support to the contribution of the second factor to the 
explanatory power of the model. Finally, number of cases presenting significant Q 
statistics is less than half. This is in par with the estimation results of GARCH (1,1) 
model reported in table 5.3. Therefore, the estimation results of two-factor SARV
model are basically acceptable and our univariate two-factor SARV model can 
capture the ARCH effects.
T able 7.2 Summary o f  estim ations results o f  univariate two-factor SARV m odel for equities
Turnover Velocity Market Capitalization
A l A2 BI B2
Group average of (j) 0.9133 0.9574 0.8558 0.9440
Number of cases that 6 9 5 8
0 > 0.9,0.9 > 0 > 0.8 4 1 3 2
and (j) < 0 .8 0 0 2 0
Number of cases that y  
is significant
9 8 9 8
Number of cases that p  
is significant
6 4 6 5
Number of cases that p  
is larger than y
6 3 6 4
Group average of AC 0.5071 0.6148 0.4631 0.5624
Group average of VRj 0.1015 0.1197 0.1008 0.1197
Group average of VR2 0.3837 0.5233 0.3424 0.4643
Group average of R2 0.6914 0.5560 0.7479 0.6349
Number of cases that 0  
is significant
5 4 5 3
Table 7.2 also exhibits notable differences between the contrast groups in the 
estimation results of univariate SARV model. Group Al (BI) presents substantially 
smaller value of the average 0 than group A2 (B2), which indicates that the more 
actively traded shares have less auto-regression strength in the persistent factor a t. 
This observation is further confirmed by the fifth row of the table which tells us that 
group Al (BI) has more number of shares that coefficient estimate of y  is smaller than 
p  in the signal equation than its contrast group A2 (B2). Consequently, the group 
average AC of group Al (BI) is smaller than that of group A2 (B2), the group average
VRj of group Al (BI) is smaller in than that of group A2 (B2) and the group average 
R2 of group Al (BI) is larger than that of group A2 (B2).
7 .3  E s t i m a t i o n  R e s u l t s  o f  t h e  T w o - F a c t o r  S A R V  M o d e l  f o r  R e t u r n s  
a n d  V o lu m e
The empirical results of univariate SARV model show evidence of basically 
supporting the view that the return variances contain both persistent and 
non-persistent components. However, it remains our further investigation that whether 
this finding consistent with the prediction of modified MDH theory. If our model well 
specify the modified MDH, then the predictable part of the date t trading volume 
should provide valuable additional information about the non-persistent component of 
cr; . To further investigate these issues, we fit the bivariate SARV model (4.38)-(4.41) 
to our data.
In order to examine empirical fit of the model specification, several model diagnostics 
are considered. Apart from the first-order autocorrelation in cr; and the two variance 
ratio given by equations (7.1)-(7.3), following diagnostics are additionally considered.
(1) The estimated coefficients of determination for linear regressions of (z) the 
error in forecasting cr; : cr,2 -  crjM on the error in forecasting rf :
rf -  cr^ _j ; (ii) the error in forecasting cr,2: erf -  on the error in
forecasting v ,; (iii) the error in forecasting erf: erf -  on the error in
forecasting rf and v ,;
(2) Qr: the Ljung-Box statistics for the first 10 sample autocorrelations in
forecasting rf : rf -  cr,2,_j ; Qv : the first 10 sample autocorrelations in
forecasting v ,.
The bivariate SARV model (4.38)-(4.41) incorporates volume variable in its second 
signal equation. We have adjusted the raw volume variable into four diversities, with 
each containing different information contents in terms of information flow 
interpretation and market microstructure. Thus, we derived four model permutations 
for each index or stock, which yields quite large amount of empirical results, hi order 
to avoid clouding our main concerns, we summarize these estimation results here.
Details of the estimates and diagnostics for indices and individual equities are 
reported in Table 7.13.
7 .3 .1  R e s u l t s  f o r  i n d i c e s
Table 7.3 summarize the empirical results of fitting the bivariate two-factor SARV 
model to six indices. First, it is notable that the estimated (/> of all indices are 
impressively smaller than that reported in table 7.1, except for the model permutation 
with surprise volume, v4. Most of the estimates for permutation with the first three 
volume variants are smaller than 0.9. Moreover, the 95% confidence intervals for the 
estimates in table 7.3 are generally too narrow to encompass the estimated value of 0 
reported in table 7.1. This provides our first indication that the predictions of the 
modified MDH may not be supported by the data. According to the modified MDH, 
the persistence in both the variance forecasts and the volume forecasts is due to 
persistence in the information flow, which is captured by at under our two-factor 
SARV specification. It follows, therefore, that if the estimated persistence of a, falls 
when we bring volume into the analysis, then the modified MDH may be too 
restrictive to explain the observed dynamics of returns and trading volume.
Table 7.3 Summary of estimations results of bivariate two-factor SARV model for
index data
Vl V2 Vi v4
0.8729 0.8665 0.8994 0.9871
0.8461 0.8551 0.9151 0.8770
0.8774 0.8694 0.8966 0.9895
Y 0.8959 0.8827 0.9272 0.9462
0.9188 0.9292 0.9193 0.9059
0.8710 0.8398 0.9491 0.9570
7  r ++++++ 1 1 1 -I"!11 ++++++ -+ -+ + +
Pr ++++++ ++++-H- ++++—+ + + + + -+
r v ++++++ ++++++ - + — + - ++++++
Pv ++-H--- h + -+ + + + ++++—I- + + + + -+
Ur i  r nr n 1—1—f—I—
Qv ++++++ ++++++ ~+-------- + + + -+ +
Notes: The numbers and signs in each cell are for SHAI, SHBI, SHCI, SZAI, SZBI and SZCI, 
from top to bottom, or left to right, respectively. denotes the estimate is statistically 
significant, denotes the estimate is statistically insignificant, at 5% level.
Parameter estimates for yand p  do not change definitely for SHAI, SHCI, SZAI 
and SZCI, when we use the three serially correlated volume series, v/, v2 and v4. 
However, the insignificant estimates of p  for the two B-share indices in table 7.1 
turn to be significant when the second signal equation enters into the system. The 
results basically support the view that much of the excess kurtosis in the standardized 
returns is linked to non-persistent volatility that is in turn related to non-persistent 
trading volume. When we fit the two-factor specification using only the returns, our 
p  estimates depend on the estimated excess kurtosis in the standai'dized returns. 
Although the estimates for univariate SARV model indicate the presence of 
significant excess kurtosis, they provide no information about its source. In contrast, 
the p  estimates for the bivariate system reflect the degree to which the 
non-persistent components of the return variances and trading volume tend to move 
together. However, the serially unrelated volume v2, may provide some odds at this 
observation since it provide some insignificant estimates of yv.
The diagnostics provide additional insights regarding the non-persistent component of 
volatility and its relation with trading volume. In general, the volatility persistence 
implied by the bivariate system is similar to that obtained by fitting the univariate 
SARV model. Thus, bring volume into the analysis does not have a major impact on 
our inference regarding either the persistence in volatility or its variability through 
time.
7.3.2 Results fo r  individual equities
Table 7.4 Average of estimated (j) for equity groups
Turnover Velocity Market Capitalization
A l A2 BI B2
Vy 0.7315 0.7748 0.7195 0.7631
V j 0.6924 0.7240 0.6754 0.7115
V j 0.8384 0.8719 0.7494 0.8832
Vy 0.7891 0.9547 0.8022 0.9295
Table 7.4 shows the group average of estimated 0 for our sample equities. 
Apparently, it generally displays an impressive drop in the estimates comparing to
table 7.2. As we addressed above, this may indicate that the modified MDH may be 
too restrictive to explain the observed dynamics of returns and trading volume. 
However, model permutations with surprise volume v4 exhibit a different picture, 
which shows a closer estimate of 0 for three groups, A2, BI and B2. A notable 
finding is that the average estimate of 0 for groups Al is smaller than group A2, for 
group BI is smaller than group B2. This observation is supported by all the four 
volume vaiiants.
Table 7.5 Number of cases with significant y and p  in each group
Turnover Velocity Market Capitalization
Al A2 BI B2
Vy 9 10 8 10
V j 10 10 9 10
Yr
V j 10 8 9 8
Vy 10 9 9 10
Vy 9 9 10 9
V j 7 9 8 8
Pr
V j 8 9 7 9
Vy 7 10 8 10
Vy 10 10 10 10
V j 10 10 10 10
Yv
V j 10 8 8 8
Vy 10 10 1 0 10
Vy 6 9 8 9
V j 5 7 5 6
Pr
V j 8 9 7 9
Vy 7 10 8 10
Turning to parameter estimates of y  and p  , table 7.5 exhibit the number of 
significant cases in each group. In general, encompassing the volume into the SARV 
model increase the number of significant cases of parameters, especially the 
parameter about the contribution of non-persistent volatility components, p r. This 
observation can be verified when we compare the numbers in table 7.5 with its 
relevant number in table 7.2. If we look at the details of estimation results in Table
7.13 (2)-(5), the number of cases that estimate of p r is lager than yr increased from 
that reported in table 7.2. Thus, our estimation results of bivariate model are broadly 
consistent with what we would expect to find if there is a large non-persistent 
component to the infonnation flow.
Similar to the results obtained from the examination on index data, the diagnostics 
indicate that the volatility persistence implied by the bivariate system is comparable to 
that obtained by fitting the univariate SARV model. Thus, bring volume into the 
analysis does not have a major impact on our inference regarding either the 
persistence in volatility or its variability through time. Of course, all our conclusions 
are tempered by the fact that the restrictions of two-factor model are not supported by 
the data. We can see this by examining the Ljung-Box statistics for serial correlation 
in the forecast errors. As it is exhibited in table 7.6, the number of rejection cases for 
the statistic for squared returns at 5% level substantially increased from table 7.2 for 
all groups, especially for the permutation using vk and v2. Thus, the quality of the 
squared return forecasts deteriorates when we introduce the volume v; and v2 into the 
analysis. However, the volume valiants v3 and v4 do not have this kind of impact, for 
which the number of the cases with significant Ljung-Box statistics is similar with the 
number that reported in table 7.2. This result indicates that v3 and v4 are more precise 
volatility proxy (information flow). It appeal's that the modified MDH can 
characterize the joint dynamics of volume and volatility when volume variants v3 and 
v4 serve as the proxy for information flow.
Turnover Velocity Market Capitalization
Al A2 BI B2
Vj 8 8 7 9
V y 6 8 5 8
Qr
V i 4 5 4 4
v4 5 6 5 6
V; 9 9 7 9
V? 10 9 7 8
Qv
V i 1 2 2 3
Vv 6 8 7 9
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The partial failure of the two-factor SARV model when volume variants vj and v2 
serve as the proxy of information flow motivate us a further investigation on the 
raised issues. It is suspected that the fitted two-factor model is too restrictive. Thus, 
a third factor which affects only the squared returns process is considered. This 
three-factor bivariate SARV model allows for persistence in return volatility that is 
unrelated to persistence in trading volume. If this new specification turns out to 
provide statistically significant improvement in goodness of fit, then it follows that the 
MMS variance forecasts contains a component that is specific to information 
contained in lagged squared returns. In other words, the model provides direct 
evidence on whether ARCH effects remain statistically significant after we account 
for the information content of trading volume. The three-factor SARV model 
specification described by equation (4.44)-(4.48), therefore, is fitted to our data. 
Again, in order to avoid the tediously large number of estimation results clouding our 
major concerns and focus sharply at our empirical investigation, here we summarize 
the empirical results. Details of the estimates and diagnostics for each index and 
equity are presented in Table 7.14. The diagnostic statistics for the bivariate 
three-factor SARV model are same as that applied for the two factor model reported 
in above section.
7.4.1 Results fo r  index data
Table 7.7 reports the summary of estimation results of bivariate three-factor SARV 
model for index data. The estimate of <f)a, which measures the autocorrelation in the 
factor that captures common persistence in squared returns and trading volume is 
almost same as reported in table 7.3 for model permutations with volume variants v} 
and v2, while the model permutations with v3 exhibit a quite impressive change and 
model permutation with v4 exhibit a moderate change in the estimates. The 
coefficients of this factor in the two signal equations yT and yv are reasonably stable,
while the coefficients on the non-persistent factor p r and p v changed substantially. 
A batch of estimated coefficients for the non-persistent factor, p r and p v changed 
from significant to insignificant.
The estimated coefficient of the third factor ct in the variance equation, £ is 
statistically significant for all the six indices under all the four model permutation at
high level, 0.000. This universally significance of the third factor suggest that an 
important component of return volatility that is unrelated to volume is missed by the 
two factor SARV specification. In addition, comparing the value of the estimates of 
(f)a and (j)c, it appeal's that return-specific third factor is much more persistent than
the factor that is common to squared return and trading volume in many cases. Thus 
the model estimation indicates that return volatility contains a highly persistent 
component that cannot be explained by common persistence in squared returns and 
trading volume. This is inconsistent with the modified MDH and is inconsistent with 
the hypothesis that volume explains ARCH effects.
Table 7.7 Summary of estimations results of bivariate three-factor SARV model for
index data
V ; V2 V j  V 4
0.8724 0.8660 0.9831 0.9843
0.8456 0.8550 0.8314 0.8566
0.8770 0.8689 0.9799 0.9839
0.8956 0.8823 0.8745 0.9435
0.9176 0.9272 0.8760 0.8835
0.8710 0.8395 0.9107 0.8845
yr ++++++ ++++++ ++++++ ++++++
p r H—H—t- +-++-+ +-+----1- +-++++
yv ++++++ ++++++ -+—++ ++++++
p v +-++-+ +-++—{- +-+-----  +-++++
0.9101 0.9155 0.7745 0.9180
0.9346 0.9283 0.9943 0.9807
0.9126 0.9164 0.7736 0.9269
0.9388 0.9440 0.9925 0.9378
0.9259 0.9135 0.9977 0.9978
0.9583 0.9597 0.9898 0.9572
++++++ ++++++ ++++++ ++++++
Qr —H 1— -+ + —+ - - + ------
Qv ++++++ ++++++ —I------
Notes: The numbers and signs in each cell are for SHAI, SHBI, SHCI, SZAI, SZBI and SZCI, 
from top to bottom, or left to right, respectively. ‘+ ’ denotes the estimate is statistically 
significant, *-* denotes the estimate is statistically insignificant, at 5% level.
In light of these results, many of the changes to the diagnostics are predictable. For 
example, the estimated first-order autocorrelation in cr,2 is always higher than the 
value reported for two-factor model. It follows that the estimate of the second 
variance ratio, Var[af^_}j/Var(af) become much higher than its corresponding value
for two-factor model. These findings are consistent with the observed increase in the 
log likelihood relative to the two-factor specification (see table 7.11). Empirical 
implication can be drawn that adding a third factor that is specific to squared returns 
allows the model to capture more volatility persistence and improve the explanatory 
power of the MMS variance forecasts. However, there is an exception. Model 
permutation with volume variant v3 presents a contrast results. The estimated 
first-order autocorrelation in a f for this model permutation is lower than its 
corresponding value reported for two-factor model for all six indices. It follows that 
the variance ratio, Var[af,_,)/ Var(af) for this model permutation has not increased
such a magnitude. Thus this model permutation does not show impressive increase in 
estimated log likelihood.
The improved forecasting performance of the model is reflected in the Ljung-Box 
statistic for the squared returns. While the number of rejections at 5% significance 
level in table 7.3 is 20, the number of rejection in table 7.7 drops to 10. The evidence 
with respect to volume forecasting, however, is less favourable. As it is reported in 
table 7.7, the number of rejection to non-serial correlation in volume residuals is 
almost same as reported in table 7.3. This indicates that the autocorrelation structure 
of volume is more complex than that implied by an ARMA (1,1) structure in the 
model.
7 .4 .2  R e s u l t s  f o r  i n d i v i d u a l  e q u i t i e s
Estimation results on the dataset of individual equities basically confirm the 
conclusions draw on the index dataset, but show much sharper picture and more 
insights. First, the group averages of estimated tpa are exhibited in table 7.8.
Compare to table 7.4, the group averages are not changed definitely for the model 
permutation with volume valiants v; and v2 for all the four groups. However, when the 
volume valiants v3 and v4 serve as the information flow in the three-factor SARV 
model, its estimate of <f)a reduced impressively for all the four groups. In addition,
group difference revealed by the two-factor model is confirmed by the estimated 
regression coefficients in the common persistent factor of the three factor model. That 
is, group A2 (B2) shows much more persistence in the common persistent factor than 
its contrast group Al (BI).
Apart from only one exception, the cell of Bl-v^, all estimates for (j)c are greater than
its corresponding estimates of <j>a in table 7.8. This means that the persistent factor
specific to the squared returns is much persistent than the common persistent factor of 
squared return and volume.
Table 7.8 Average of estimated (j)a and <})c for equity groups
Turnover Velocity 
Al A2
Market Capitalization 
BI B2
Vj 0.7299 0.7743 0.7196 0.7623
Vy 0.6897 0.7205 0.6754 0.7160
V3 0.7593 0.7995 0.7016 0.8182
Vy 0.7360 0.9198 0.7784 0.8974
V; 0.9364 0.9777 0.9370 0.9871
Vj 0.9220 0.9744 0.9338 0.9598
<t>c
Vj 0.9938 0.9750 0.9539 0.9863
Vy 0.9161 0.9738 0.7774 0.9364
The results of parameter estimates in the two signal equations, however, show odds 
with the results drawn on index dataset. While we have reported above that the second 
persistent factor specific to squared returns definitely enters to all the model 
permutation in table 7.7, table 7.9 shows that £ is statistically insignificant for some 
cases, especially for the model permutation with volume variant vj. Thus the second 
persistent factor specific to squared returns can increase the model log likelihood for 
the model permutations with volume variants vh v2 and v4t but the details of model 
estimation results presented in Table 7.14 (2)-(5) exhibit that model permutation with
V3 is an exception. Group difference appears here again. Group A2 (B2) is more likely 
to accept second persistent factor ctthan group Al (BI).
Table 7.9 Number of cases with significant y , p  and £ in each group 
Turnover Velocity Market Capitalization
Al A2 BI B2
Vj 9 10 9 10
V2 10 10 9 10
Yr
Vs 10 8 9 8
Vj 10 9 9 10
vj 6 5 7 8
v2 6 4 7 7
Pr
Vs 7 7 6 9
Vj 6 9 6 9
Vj 10 10 10 10
v2 10 10 10 10
Yv
* 3 10 8 9 8
Vj 10 10 10 10
Vj 4 6 6 8
V2 4 5 5 6
Pv
Vj 7 8 6 9
Vj 7 9 6 9
Vj 8 8 7 8
v2 7 8 6 8
s
Vs 3 6 5 5
Vj 7 8 6 7
Comparing table 7.9 to table 7.5, it is almost the same that the number of cases with 
significant coefficients on the common persistent factor, yr and yv. However, the
number of significant case on the non-persistent factor p r and p v exhibit an
impressive drop for all the model permutations but for model permutation with v3. 
This finding is contrast to the results of Fleming et al (2006).
Finally, table 7.10 exhibits the two main diagnostics of the model. The Ljung-Box 
statistics for squared returns show that the number of cases displaying serial 
correlations dropped quite substantially, especially for the model permutations with 
volume valiants v; and v2. This could further confirm of validity of incorporating the 
second persistent component which is unrelated to volume.
Table 7.10 Number of cases with significant Qr and Ov in each groups
Turnover Velocity 
Al A2
Market Capitalization 
BI B2
V; 3 5 4 4
V j 3 5 4 3
Qr
V j 3 4 4 3
Vy 4 4 4 3
Vy 9 9 7 10
V j 10 9 7 8
Qv
V j 2 3 3 6
Vy 4 8 6 9
7.5 Discussion and Conclusion
Based upon the empirical results and econometric analysis of Chapter 5 and 6, this 
chapter investigates the relation of return volatility, ARCH effects and trading volume 
in a more flexible but comprehensive system. The SARV models overcome the 
technical drawbacks of VA-GARCH methodology and account for the financial 
implications of the econometric analysis by CGARCH model. Three specifications of 
the SARV model are fitted to our data. The first SARV model (SARV-1) is a 
univariate two-factor model for returns. Our empirical evidences suggest that the 
two-factor SARV specification performs at least as well as the GARCH (1,1) model, 
and can adequately capture ARCH effects in the system. Thus, a stalling point for our
in-depth investigation on the relation of volatility, ARCH effect and trading volume is 
established. It is also justified that return variances contain both persistent and 
non-persistent components.
The second SARV specification (SARV-2) enters the volume into model thus forms a 
two-factor model system. It is justified that both squared returns and volume contain 
the two components of volatility — a persistent component and a transitory 
component, however, its diagnostic statistics indicates that it fails to model the 
volatility dynamics when volume variants vj and v? serve as the proxy of infonnation 
flow. This motivated the third SARV specification (SARV-3) that allows for 
persistence in return volatility that is unrelated to persistence in trading volume.
According the MDH, an unobservable variable directs daily changes in the mean of 
trading volume and the variance of returns. The empirical evidence we have obtained 
using stochastic volatility models, however, points to a more complex dynamic 
relation between the two series. It indicates that there is a predictable component of 
the return variance that is unrelated to the common variation in lagged squared returns 
and lagged trading volume. To capture this component, we must use infonnation that 
is specific to the lagged squared return. In other words, we find that ARCH effects 
explain part of the persistence in return volatility even after we account for the 
information about volatility contained 111 trading volume. Thus, our empirical analysis 
reveals that the central prediction of the modified MDH is basically at odds with the 
data. Compare to Fleming et al (2006) which present that the second persistent factor 
always enters the model with a statistically significant coefficient for all the twenty 
MMI stocks, the evidence obtained from the Chinese stock market is slightly weaker, 
however doesn’t affect our main inferences.
Table 7.11 reports group average of the maximised log likelihood for each model 
permutation. It is obvious that a substantial drop in the log likelihood of the model has 
happened when volume variables enter the univariate SARV system. However, 
expanding the model from SARV-2 to SARV-3 can increase model’s goodness of fit. 
Considering the increase from SARV-2 to SARV-3, the model permutation with v; 
and v2 always display much impressive increase in group average of the maximised 
log likelihood, while the model permutation with v3 show almost negligible increase 
and the increases produced by model permutation with v4 are little for all groups.
Another notable finding is that model permutation with v4 always yield highest log 
likelihood in each SARV specification for all the groups.
Table 7.11 Group average of the maximised log likelihood
SARV-1 SARV-2 SARV-3
V; 11804.18 11894.18
v2 12238.13 12318.47
Index 13930.17
Vj 11947.47 11952.13
v4 12637.43 12696.00
Vj 7370.61 7402.06
v2 7628.14 • 7649.67
Al 9748.62
Vj 7421.88 7426.23
v4 7882.23 7894.49
Vj 8821.27 8886.83
V j 9123.40 9164.53
A2 11459.84
Vj 8916.77 8921.80
V4 9407.93 9428.99
vj 7138.08 7166.20
V2 7386.25 7404.19
BI 9539.11
Vj 7175.11 7178.94
v4 7640.09 7653.83
Vj 9102.11 9148.87
v2 9392.99 9419.23
B2 11684.88
Vj 9173.59 9180.35
V4 9693.44 9708.61
Despite from the above general conclusion, differences between index data and 
individual equity data, between the four volume variants and between equity groups 
have substantial impact on the model fitting results and its relevant implications. It 
turns out that index level data are more likely support the systematic volatility
persistence component rather than the non-persistent component, while the individual 
equity level analysis are more likely to reveal non-persistent component of the return 
volatility. This may implicate that the information flow regarding the non-persistent 
component are more likely to be firm-specific. The volume variants vj and v2 provide 
evidence that adding the third factor into the model can improve the model 
perfomiance, while the volume v3 and v4 may not support the model expansion such 
substantially. Finally, the non-persistent volatility component are likely to be more 
significant in groups Al and BI rather than group A2 and B2, while the latter two 
groups provide more strong evidence to the persistent component of the volatility.
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(EViews Code for individual equity ZIB, as example)
(1) SARV1
‘SSpace  specification:
r2=c(1 )+c(2)*sv1 +c(3)*sv2+[var=2*(c(1 )A2+c(2)A2+c(3)A2)]
@state sv1=c(4)*sv1 (-1)+[var=1-c(4)A2]
@state sv2=[var=1]
‘Programme for Diagnostics:
'This programme is to calculate the diagnostic statistics for SARV1 model
'change path to EViews workfile path 
cd "D:\RW\equity"
' load workfile 
load ZIB
'retrieve coefficients estimates for SARV1 model 
scalar c2=sarv1.c(2) 
scalar c3=sarv1.c(3) 
scalar c4=sarv1 .c(4)
'calculate the first-order autocorrelation in SIG 1 series 
scalar First_autocorreiation=(c4*c2A2/(c2A2+c3A2))
'calculate variance and variance ratios
scalar var_r2=@var(r2)
scalar var_r2s=@var(r2s)
scalar var_r2f=@var(r2f)
scalar vr1 =var_r2s/var_r2
scalar vr2=var r2f/var r2s
C h a p t e r  A p p e n d i x :  C o m p u t e r  P r o g r a m m i n g  C o d e
'estimate the linear regression of errors in forecasting in sig1 and r2 
series e1=r2s-r2f 
series e2=r2-r2f
equation eq_diagnostics.ls e1 c e2
'calculate the Ljung-Box statistics for the first 10 sample autocorrelations in forecasts 
error of r2 
series Q=e2 
Q.corre!(10)
'delete intermediate output
delete c2 c3 c4 e1 e2 var_r2 VAR_R2F VAR_R2S
(2) SARV2
‘SSpace  specification:
©param c(1) 0.9 c(2) 0.0009 c(3) 0.0008 c(4) 0.005 c(5) 0.5 c(6) 0.5 c(7) 0.5 c(8)
0.0002
©state sv1 =c(1 )*sv1 (-1 )+[var=1 -c(1 )A2]
©state sv2=[var=1]
r2=c(2)+c(3)*sv1+c(4)*sv2+[var=2*(c(2)A2+c(3)A2+c(4)A2)] 
v1 =c(5)+c(6)*sv1 +c(7)*sv2+[c(8)A2j
‘Programme for Diagnostics:
'This programme is to calculate the diagnostic statistics for SARV2 models
'change path to EViews workfiie path 
cd "D:\rw\Equity"
' load workfiie 
load ZIB
'retrieve coefficients estimates for SARV model 
scalar c1=sarv21.c(1) 
scalar c3=sarv21 .c(3)
scalar c4=sarv21 ,c(4)
'calculate the first-order autocorrelation in SIGMA series 
scalar First_autocorrelation=(c1 *c3A2/(c3A2+c4A2))
'calculate variance and variance ratios
scalar var_r2=@var(r2)
scalar var_r2f=@var(r2f)
scalar var_r2s=@var(r2s)
scalar vr1 =var_r2s/var_r2
scalar vr2=var_r2f/var_r2s
'estimate the linear regression of errors in forecasting 
series e1=r2s-r2f 
series e2=r2-r2f 
series e3=v1-v1f
equation eq_diagnostics1.ls e1 c e2 
equation eq_diagnostics2.ls e1 c e3 
equation eq_diagnostics3.ls e1 c e2 e3
'calculate the Ljung-Box statistics for the first 10 sample autocorrelations
series qr=e2
series qv=e3
qr.correl(IO)
qv.correl(IO)
'delete intermediate output
delete c1 c3 c4 var_r2 var_r2f var_r2s e1 e2 e3
(3) SARV3
‘SSpace  specification
@param c(1) 0.801810 c(2) 0.000658 c(3) 0.000290 c(4) 0.000523 c(5) 0.000547 c(6)
0.812291 c(7) 0.554103 c(8) 0.180445 c(9) 0.9800 c(10) 0.0005 
@state sv1 =c(1 )*sv1 (-1 )+[var=1 -c(1 )A2]
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@state sv2=[var=1]
@state sv3=c(9)*sv3(-1 )+[var=1 -c(9)A2]
r2=c(2)+c(3)*sv1 +c(4)*sv2+c(10)*sv3+[var=2*(c(2)A2+c(3)A2+c(4)A2+c(10)A2)] 
v1 =c(5)+c(6)*sv1+c(7)*sv2+[c(8)A2]
‘Programme for Diagnostics
This programme is to calculate the diagnostic statistics for SARV3 models
'change path to EViews workfile path 
cd "D:\rw\equity"
' load workfile 
load ZIB
'retrieve coefficients estimates for SARV model 
scalar c1=sarv31.c(1) 
scalar c3=sarv31.c(3) 
scalar c4=sarv31 .c(4)
'calculate the first-order autocorrelation in SIGMA series 
scalar First_autocorrelation=(c1 *c3A2/(c3A2+c4A2))
'calculate variance and variance ratios
scalar var_r2=@var(r2)
scalar var__r2f=@var(r2f)
scalar var_r2s=@var(r2s)
scalar vr1 =var_r2s/var_r2
scalar vr2=var_r2f/var_r2s
'estimate the linear regression of errors in forecasting 
series e1=r2s-r2f 
series e2=r2-r2f 
series e3=v1~v1f
equation eq_diagnostics1.ls e1 c e2 
equation eq_diagnostics2.ls e1 c e3
'calculate the Ljung-Box statistics for the first 10 sample autocorrelations
series qr=e2
series qv=e3
qr.correl(IO)
qv.correl(IO)
equation eq_diagnostics3.ls e1 c e2 e3
'delete intermediate output
delete c1 c3 c4 var r2 var r2f var r2s e1 e2 e3
C h a p t e r  8  C o n c l u d i n g  R e m a r k s
8.1 The Main Findings
Based upon comprehensively reviewing on the previous studies and construction of 
own methodological framework, following research findings are mainly obtained 
from the above presented three-stages empirical investigations on the Chinese stock 
market.
1. The central prediction o f the MDH framework is basically at odds with the 
data o f the Chinese stock market. According the MDH, an unobservable 
variable directs daily changes in the mean of trading volume and the variance 
of reruns. The empirical evidence we have obtained using SARV models, 
however, points to a more complex dynamic relation between the two series. It 
indicates that there is a predictable component of the return variance that is 
um*elated to the common variation in lagged squared returns and lagged 
trading volume. To capture this component, we must use infonnation that is 
specific to the lagged squared return. In other words, we find that ARCH 
effects explain part of the persistence in return volatility even after we account 
for the infonnation about volatility contained in trading volume. Thus, our 
empirical analysis reveals that the central prediction of the modified MDH is 
basically at odds with the data.
2. The VA-GARCH model can not adequately capture ARCH dynamics in the 
stock market, i.e. trading volume can not explain ARCH effects. This 
conclusion is verified from the finding of serial correlation in squared 
residuals of the model and the violation of non-negative condition of GARCH 
model coefficients, indicating that the VA-GARCH model can not adequately 
capture ARCH dynamics in the stock market. However, the successive 
improvement of model’s empirical fit and the reduction of the fat-tailedness in 
model residuals through the order of v;-GARCH, v2-GARCH, vj-GARCH and 
vq-GARCH imply an increase of the strength in explaining the static aspects of 
volatility dynamics by the further adjusted volume valiants. Thus, while 
volume may fail to explain the dynamic aspect of heteroskedasticity in returns, 
it may dominate in explaining its static aspect.
3. Trading volume is strongly correlated with contemporaneous return 
volatility, but the correlation is driven largely by transitory volatility shocks 
that have little to do with the highly persistent component o f volatility 
captured by standard volatility models. Empirical results of both index data 
and individual equity data justified that the conditional volatility of stock 
returns contains a transitory components and the transitory volatility shocks 
are significantly correlated (explainable) with (by) volume. Especially, the 
serially un-correlated volume variant, vj show its significant correlation 
(explanatory power) with (to) the transitory component of GARCH in the all 
circumstances although it fails to explain the persistent component of the 
GARCH. Thus, the serially un-correlated trading volume is associated with a 
non-persistent component of volatility, and the various adjusted volume 
variants display different levels of association with the persistent and 
non-persistent part of the conditional volatility since the two components of 
GARCH contain different information about volatility dynamics.
4. There are distinctive differences between various volume variants vj, v2, 
and v4 in explaining the dynamics o f return volatility. The adjustment of 
volume variable yields four volume valiants, with each contains specific 
infonnation contents in tenns of market micro structure and the infonnation 
flow interpretation. The four volume variants are employed in all the three 
parts of our empirical studies and this made the opportunity to find out the 
differences between these four volume valiants in explaining the dynamics of 
returns volatility. Firstly, the various adjusted volume variable v;, v2> V3 and v4 
yield very different level of explanatory power in the VA-GARCH (1, 1) 
model. While the further adjusted volume variables v? and v4 exhibit further 
improvement in overall model fit to the data and in explaining fat-tailedness in 
the residuals, they turn out to be much weak in subsuming the a, fi estimates. 
However, the best data-fit of the models with volume V3 and v4 delivers 
evidence to the predictions of market micro structure, which asserts that the 
profitable private information flow is un-serially correlated. Secondly, the 
empirical results of VA-GARCH model at index dataset show that the 
un-auto-correlated volume specification (yj-GARCH) works better than 
predictable standardized detrended volume specifications (v/-GARCH) and
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with only one exception, SZBI, than above average standardized detrended 
volume (v2-GARCH). This finding provides evidence for the information flow 
interpretation of the directing process according to which arrivals of profitable 
private information is non-auto-correlated random variable. Thirdly, above 
results also motivate us to decompose the GARCH series into two components, 
a persistent component and a transitory component, because the best 
performance of the model permutation vj-GARCH (1,1) and vy-GARCH (1,1) 
implies that the information contained by an un-serially correlated volume 
may work better in explaining the return volatility dynamics. Finally, these 
differences between various adjusted volume series also appear in the 
estimation results of SARV models. Considering the increase from SARV-2 to 
SARV-3, the model permutation with vj and v2 always display much 
impressive increase in group average of the maximised log likelihood, while 
the model permutation with v3 show almost negligible increase and the 
increases produced by model permutation with v4 are little for all groups. 
Another notable finding is that model permutation with v4 always yield highest 
log likelihood in each SARV specification for all the groups.
5. There are distinctive differences between contrast equity groups in 
displaying the bivariate dynamics o f  return volatility and trading volume.
Firstly, Differences between contrast equity groups originally appeal' in our 
preliminary study on the return series, which are presented in chapter 4. The 
estimation of the benchmark volatility model at the beginning of chapter 5 also 
shows that the standard GARCH (1, 1) model can capture the volatility 
dynamics of the equity group of lowest turnover velocity better than the equity 
group of highest turnover velocity, and can model the volatility dynamics of 
the equity group of largest market capitalization better than the equity group of 
smallest market capitalization. Our empirical fit of VA-GARCH (1 ,1) model 
to the Chinese stock market also verified that whether volume can subsumes 
persistence measure in the model is dependent on the level of trading activity. 
The volatility persistence measure, a+fi confirm that volume v} and v2 of group 
A l can explain ARCH effects better than that of group A2. Secondly, 
differences between contrast equity groups have substantial impact on the 
model fitting results and its financial implications of SARV model estimations.
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It turns out that the non-persistent volatility component are likely to be more 
significant in groups Al and BI rather than group A2 and B2, while the latter 
two groups provide more strong evidence to the persistent component of the 
volatility.
6. There are distinctive differences between the two study levels, the index level 
and individual equity level in the bivariate dynamics o f  return volatility and 
trading volume, hi the first stage of empirical study, estimation results of the 
VA-GARCH (1 ,1 ) model indicate that the insignificant ft estimate thus the 
dramatic attenuation in the volatility persistence measure, a+p happened at 
individual equity level, rather than in the index level modelling. Although the 
VA-GARCH (1,1) model fitted to the index dataset also reveals some aspects 
of the volatility-volume relations, especially, the empirical fit of the model, the 
explanatory power in explaining the fat-tailedness and the attenuation in p  
estimate are enhanced through the order of adjusted volume variants vj, v2, v3 
and v4, it turns out that none of the six indices exhibit insignificant p  estimate 
at all the four model permutations. If we take the criterion dominated in the 
previous studies, this means that volume can explain ARCH effects in the 
context of individual equity level but not at the market-wide index level. This 
result is in somewhat extent consistent with Wang et al (2005) which suggest 
that information arrivals represented by trading volume tend to be company 
specific. It is worth noting, however that the assumption of Wang et al (2005) 
is that daily trading volume is directly the proxy of arrivals of information, 
while it is clarified in this study that daily trading volume takes place the 
function of daily number of transactions which is directly related to the 
volatility dynamics.
The correlation and regression analysis between the two GARCH components 
and the four volume variants implemented in the second stage of empirical 
investigation also reveal differences between the two study levels. In four of 
the six indices, the correlation coefficients between GARCH permanent 
component and the four volume variants are generally larger than the 
corresponding correlation coefficients between GARCH transitory component 
and the four volume variants. This may implies that the information contents 
of trading volume of the indices is about the information related to permanent
-253 -
or systematic return variations. On the other hand, correlation coefficients 
between GARCH permanent component and the four volume variants are 
generally smaller than that between GARCH transitory component and the 
four volume variants. It is interpreted that the infonnation contents of trading 
volume of the individual equities is about the infonnation related to transitory 
or company-specific return variations. It is obvious that the results of two 
study levels are contrary. Furthermore, to take a sharper focus, we look at the 
results of correlation and regression analysis regarding the non-serially 
con’elated volume variant, v3. It exhibits statistically significant coiTelation and 
regression with all the three GARCH series at only one of the six indices, 
SZBI, while it displays statistically significant coiTelation and regression at 5% 
level with GARCH transitory components for all the 40 equities (See Table 
6.5).
The third stage of empirical investigation by the SARV model further 
confirmed these results. It is found that the index level data are more likely to 
support the systematic volatility persistence component rather than the 
non-persistent component, while the individual equity level analysis are more 
likely to reveal non-persistent component of the return volatility. This may 
implicate that the information flow regarding the non-persistent component of 
GARCH are more likely to be firm-specific. Actually, infonnation regarding 
profitable private news, irrational trading behaviour can only be carried by the 
trading volume of specific company but a portfolio or composite index.
7. There are distinctive differences between the two types o f  shares, A-share 
and B-share in the bivariate dynamics o f  return volatility and trading 
volume. This finding is verified by investigating the index dataset, i.e. the 
A-share index and B-share index of both the Shanghai and the Shenzhen 
Exchanges. It is originally displayed by the distributional properties of the 
return series that the kurtosis of the two B-share indices are evidently smaller 
than their corresponding A-share indices and the two types of shares skew off 
into opposite directions. While the two A-share indices show off negative 
measure of skewness, the two B-share indices display same level of positive 
skewness (See Table 4.2). This distinctive difference reveals fundamentals of
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the static aspect of the data and can help to explain the findings of further 
modelling on the volatility-volume dynamics.
The estimation of the benchmark volatility model, GARCH (1, 1) model 
exhibits that fi thus the measure of volatility persistence, a+fi of the two 
B-share indices are evidently smaller than their corresponding A-share indices, 
however their estimate of a is greater than that of corresponding A-share 
indices. It indicates that the B-share volatility relies more on the squared error 
term of recent past and less persistent compare to the corresponding A-share 
indices.
Investigations based upon the CGARCH model estimation also reveal 
differences between the two types of shares. While both the two components 
of ARCH in B-share indices can be explained by all the four volume variants, 
the persistent component of the two A-share indices can not be explained by 
the serially un-correlated volume variant v3. Furthermore, the two B-share 
indices exhibit that the largest correlation coefficients with the transitory 
GARCH series is produced by the volume variant v3. This means that for the 
B-shares, the un-serially correlated volume can explain volatility better than 
standard detrended volume which represents the original information set of 
raw volume.
In the third stage of empirical investigation, the estimation of univariate 
two-factor SARV model (SARV-1) exhibit that the estimates of p are 
statistically insignificant for the two B-share indices while it’s highly 
significant for all the other four indices (See Table 7.1). Since p reflects the 
contribution of the non-persistent factor, bt in the signal equation, this implies 
that volatility of the B-share indices relies only on the persistent factor ah 
while it depends on both persistent and non-persistent factors in the case of 
A-share indices. Estimation results of the bivariate three-factor SARV model 
(SARV-3) exhibit similar results for the bivariate dynamics. It turns out that pr 
and pv are generally insignificant for the model permutations of B-share 
indices while it is statistically significant for all the model permutations of 
A-share indices (See Table 7.7).
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8.2 Original Contributions to the Knowledge
The first contribution of this study stems from the adjustment of volume variable. The 
first volume variant, vy is the standardized detrended volume. We suppose this volume 
variant contains the whole infonnation set converted from the raw volume variable, 
with adjustment to conform the requirement of conditions suggested by the literature. 
The second volume variant, v2 is the above average values of vy. The third volume 
variant, v3 is the filtered variant of vy by applying ARMA method. Removing the 
serially correlated component from vy, v3 is actually the random innovation of ARMA 
process. v4 is the above average values of v3. Although half of the observations are cut 
off from the series, v2 and v4 outperform their original volume vy and v3 in various 
model estimation, providing supportive evidence for the predictions of market 
micro structure literate that above-average volume contains more information about 
the trading activity. This superiority is evidenced by the model selection criterion AIC 
to VA-GARCH (1,1) and the maximised log likelihood to three stochastic volatility 
specifications. It is also applicable to all equities regardless which contrast equity 
group they belong to. In the correlation and regression analysis of the two components 
of GARCH, it is evident that the strength o f the relation between non-persistent 
component of GARCH and volume valiants v3 and v4 is steeper than vy and v2 
produced. And this is further confirmed by the estimation of stochastic volatility 
model. This yields our general conclusion that volume does not subsume ARCH 
effects in daily returns.
Furthermore, the superior performance of v3 against vy, and v4 against v2 imply that the 
non-persistent component of volume contains more reasonable information in 
explaining volatility dynamics. Estimation results for the two bivariate SARV models 
suggest that the three-factor model is more favourable to volume vy and v2, while the 
two-factor model is more likely to fit the data of volume v3 and v4. It is evident that to 
investigate the relation between return volatility and trading volume we should go 
beyond the ARCH effects. Therefore, the complicated relation between return 
volatility, ARCH effects and trading volume is uncovered in a reasonable extent.
The second contribution of this study attributes to the setup of contrast equity groups. 
Initially, it is found that there exist evident inter-group differences in terms of 
volatility persistence and the effect of dummy variable by examining the estimation 
results of the benchmark volatility model. For the ARCH LM test at lag 5 and 20,
group Al show evidence of existing ARCH effects for 6 equities, while group A2 
shows the evidence by one share only. Similarly, group BI shows that standard 
residual of 4 equities still have ARCH effects at high lags, while no such evidence is 
found for group B2. Then the VA-GARCH (1, 1) model estimations provide us 
evidently different results. The highest turnover velocity group, Al exhibits only one 
case of insignificant volume variable in explaining conditional volatility, which is 
share SEL when using non-serially correlated volume variable v3 as explanatory 
variable in conditional variance equation. It is identified that volume is highly 
significant in explaining conditional volatility for all other permutations in group A l. 
Meanwhile, the group of lowest turnover velocity, A2 displays much different 
empirical results. Three cases at Vy-GARCH (1, 1), one case at V2-GARCH (1, 1), and 
three cases at vj-GARCH (1, 1) turn out that volume is insignificant in explaining 
conditional volatility. Thus, the highest turnover velocity group Al is more likely to 
produce insignificant a, fi estimates than the group of lowest turnover velocity, A2. 
The empirical results are that the former group displays insignificant a, fi estimates for 
9 equities in the total of 10 when fitting vy-GARCH (1 ,1 ) model, while the latter 
group posses only 4 shares with insignificant a, fi estimates for the same model 
permutation.
In the estimation of univariate SARV model, the estimate of regression coefficient in 
AR (1) state equation (4.35), 0 , turns out to be larger than 0.9 for 25 cases in total 40 
cases. These cases are more located in group A2 and B2 than their contrast group Al 
and BI, implying the group differences in persistence level in a,. This observation is 
supported by the group average of the estimated <j) . The average of estimated 0 for 
group A2 (B2) is impressively larger than Al (BI). These results further confirm the 
stronger volatility persistence nature in group A2 (B2) against group Al (BI) and is 
further supported by the number of cases that p  is larger than y . Group Al and BI 
show more cases that estimate of p  is larger than y , comparing to group A2 and 
B2, respectively. If the estimates of p  is larger than y  then the non-persistent 
component contribute more than half in the signal equation.
It is notable, however, the differences between group BI and B2 are not such 
pronounced than that been displayed by the divisions between group Al and A2. This 
observation is supported by the estimation results either of VA-GARCH (1, 1) models
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or of SARV models. This implies that turnover velocity contains more relevant 
information about trading activity than market capitalization.
The third contribution of this study is from the investigation on individual equity level 
as well as index level. In general, equity level investigation uncovers much deeper 
insight than index level data. The estimation results of VA-GARCH (1, 1) model 
indicate that the volatility persistence can be attenuated by volume much steeper at 
equity level than at index level. Our correlation and regression analysis by the 
CGARCH model also suggest that the strength of the relation between GARCH 
components and various volumes are stronger at equity level than index level. The 
third empirical study on the topic by SARV models further confirm this conclusion by 
showing much sharper picture and more insights.
8.3 Implication of the Research Findings for Finance
As it is addressed in Andersen (1996) that it is widely documented that daily financial 
return series display strong conditional heteroskedasticity and this finding strikes at 
the heart of empirical financial research. The estimated return variance is routinely 
used as a simple, albeit crude, measure of risk, and the return variance enters directly 
into derivative pricing models such as the Black-Scholes formula. Moreover, tests of 
market efficiency based on asset returns must incorporate corrections for 
heteroskedasticity in order to produce the appropriate asymptotic distributions of the 
test statistics. And perhaps most importantly, empirically relevant asset pricing 
theories typically relate expected returns, i.e. risk premia, to the joint second order 
moments of returns and other stochastic processes. Again, heteroskedasticity must be 
accounted for in order to derive efficient estimation and testing procedure. Finally, a 
better characterization of return volatility sheds light on the virtues of alternative 
specifications for the return generating mechanism.
The MDH framework is one of cornerstones in the empirical finance, which provide a 
formal base that return volatility is related to trading volume. And various modelling 
techniques upon the relation of volatility-volume were developed within this 
theoretical framework. The study on the volatility-volume relation has a long history. 
Academic treatment focused on the relation between volume and absolute price and 
price change per se in the early period, but diverted to the relation between volume 
and time-varying return variability, i.e. conditional volatility. Much advanced
empirical instrumentals are employed, including GARCH model, subordination model 
and stochastic volatility model. Theories behind these researches have been upgraded 
unceasingly. The MDH hypothesis has been being modified, from the economics 
background of rational expectation to noisy rational expectation, and being extended 
to the irrational investment behaviour of the newly emerging behavioural finance. 
Many insights have been uncovered. However, literature up to today still displays a 
mixed picture on the relation between return volatility, ARCH effects and trading 
volume. There is no a branch of theory, an approach of empirical investigation to be 
overwhelming. Sometimes researchers are even puzzled by conflicting or contrast 
results they obtained.
This study provides substantial evidences which are not in favour of conventional 
theoiy and modelling techniques on stock market volatility, especially the 
volatility-volume dependence. It is justified that the central prediction of the MDH 
theoiy is basically at odds with the data of the Chinese stock market. The thesis has 
also answered why the applications of the VA-GARCH model present conflicting and 
contrast results in the literature. Our empirical evidence also verified that the level of 
liquidity related to the volatility-volume dependence since the contrast groups Al and 
A2 always display very divergence results in various modelling stage. It is also 
justified how does the serial correlation of trading volume relate to its explaining 
power of ARCH effects, and to what extent the regarding empirical evidence 
consistent with the theories of infonnation flow interpretation, market microstructure 
and behavioural finance. All above research findings are helpful and constructive in 
understanding the underlying mechanism of stock market volatility.
8.4 Limitation and Recommendation
This study employs three advanced econometric techniques in investigating the 
relation between return volatility, ARCH effects and trading volume. Within the 
MDH framework, many insights are uncovered. Although we have justified that the 
central predictions of the MDH theory are not supported by our data, the full scope of 
the topic is not covered. There is possibility that trading volume carries more 
information about return volatility than we have assumed. Our first two approaches 
are clear with their potential problems. However, our third methodology, the SARV 
model by which we conclude our final suggestions may need to be generalized. In this 
research, we specified a linear state space model which capture the ARCH dynamics
in return dynamics. However, we can not rule out the possibility that 
volatility-volume dynamics present a non-linear system. It might be better, therefore, 
that model the logarithm of squared returns and trading volume as linear in a set of 
unobserved factors, thereby constraining the original variables to be strictly 
nonnegative. This would impose large computational demands since it would almost 
certainly require the use of simulation techniques (MCMC) to fit the models. 
However, this would also offer the opportunity to examine the robustness of the 
methodology of this study.
It is also advisable that expand the background theory regarding return volatility 
dynamics from conventional finance to modem behavioural finance, which provide 
much rational psychological and sociological explaining and related models for the 
volatility mechanism.
Finally, it is recommended for further study to increase the sample size. Our sample 
size of 10 for each contrast equity group is probably not sufficient to draw a 
reasonable inference. Future study may consider a reasonable large sample size for 
each equity group.
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